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RESUMO 
 O objetivo dessa tese, composta por três artigos, foi avaliar a musculatura 
mastigatória de crianças com mordida cruzada posterior (MCP) antes e após a 
expansão rápida maxila (ERM); bem como verificar se há diferenças esqueléticas, 
verticais e sagitais, com o uso do aparelho disjuntor bandado ou colado com 
cobertura oclusal de acrílico. Nos artigos 1 e 2, 55 crianças (entre 6 e 10 anos de 
idade, de ambos os gêneros) foram divididas em três grupos: grupo controle 
(normoclusão, n=24), grupo MCP unilateral (n=18) e grupo MCP bilateral (n=13). As 
crianças com MCP foram submetidas à ERM com o uso do disjuntor do tipo Hyrax 
modificado. Exames de ultrassonografia (US) e eletromiografia (EMG) de superfície 
foram realizados inicialmente (T1) nos três grupos. Nas crianças com MCP, a 
avaliação foi repetida aproximadamente quatro meses após a ERM (T2). Os dados 
foram comparados intragrupos (entre lados e entre T1 e T2) e intergrupos (em T1 e 
T2). No artigo 1, a espessura US e a atividade EMG dos músculos mastigatórios 
foram analisadas durante o repouso e apertamento dental. Uma possível correlação 
entre EMG e US também foi analisada. Os resultados mostraram que: a espessura 
muscular dos grupos MCP, em T1 e T2, foi semelhante a do controle; a atividade 
EMG do grupo MCP bilateral apresentou algumas diferenças em relação aos outros 
dois grupos durante o repouso, em T1 e T2; a atividade EMG e espessura dos 
músculos dos pacientes com MCP bilateral não modificou em T2, mas a espessura 
do masseter dos pacientes com MCP unilateral diminuiu durante o repouso; 
assimetrias musculares ocorreram em pacientes com e sem MCP; correlação 
positiva entre EMG e US foi encontrada apenas no grupo controle durante o 
apertamento dental. No artigo 2, a atividade EMG foi analisada durante a mastigação 
habitual e unilateral. Os resultados mostraram que: o grupo controle e MCP unilateral 
e bilateral, em T1 e T2, apresentaram atividade EMG simétrica durante a mastigação 
habitual; o grupo controle e MCP bilateral, em T1 e T2, apresentaram os músculos 
do lado de trabalho mais ativos durante a mastigação unilateral; o que ocorreu no 
grupo MCP unilateral apenas em T2; a atividade EMG do grupo MCP unilateral 
diminuiu em T2 e não modificou no grupo MCP bilateral; algumas diferenças na 
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atividade EMG foram encontradas entre os grupos em T1 e T2. O artigo 3 foi 
realizado em dois grupos de 26 crianças (entre 6 e 10 anos de idade, de ambos os 
gêneros), submetidas a ERM com o disjuntor bandado (grupo Hyrax) ou colado com 
cobertura oclusal de acrílico (grupo colado). Radiografias cefalométricas laterais 
foram analisadas antes do tratamento e após um período de contenção de pelo 
menos dez meses. Os resultados mostraram que os efeitos esqueléticos da ERM 
foram semelhantes com o uso dos dois tipos de aparelhos.  De acordo com os três 
artigos, concluiu-se que assimetrias na espessura e atividade muscular ocorreram 
em crianças com e sem MCP.  A espessura muscular de crianças com MCP, antes e 
após o tratamento, foi semelhante à de crianças sem MCP. Diferenças na atividade 
EMG, entre crianças, ocorreram independentes da presença de MCP ou desvio 
mandibular. A espessura muscular e a atividade EMG de crianças com MCP 
unilateral diminuíram após o tratamento, porém essas características não se 
modificaram em crianças com MCP bilateral. As alterações esqueléticas verticais e 
sagitais após a ERM, com o uso do disjuntor bandado ou colado com cobertura 
oclusal de acrílico, foram semelhantes. 
 
Palavras chave: má oclusão; expansão maxilar; eletromiografia; ultrasonografia; 
cefalometria; dentição mista  
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ABSTRACT 
 The aim of this thesis, comprised by three manuscripts, was to analyze 
the masticatory muscles of children with posterior crossbite (PCB) before and after 
rapid maxillary expansion (RME); as well to analyze if there are vertical and sagittal 
skeletal differences resulted by the uses of the banded or bonded  RME appliance. 
In articles 1 and 2, 55 children (aged between 6 and 10 years, both gender) were 
divided into three groups: control group (normocclusion, n=24), unilateral (n=18) 
and bilateral (n=13) PCB groups. The children having PCB were submitted to RME 
using the Hyrax modified appliance. Ultrassonographic (US) and surface 
eletromyographic (EMG) exams were initially made in both groups (T1). In children 
having PCB, the evaluation was repeated nearly four months after RME (T2). The 
data were compared intra- group (between sides and between T1 and T2) and 
inter- group (at T1 and T2). In article 1, US thickness and EMG activity of the 
massteres and anterior temporalis muscles were analyzed during rest and dental 
clenching. A possible correlation between muscle thickness and EMG activity was 
also evaluated. The results showed that: the muscular thickness of patients with 
PCB at T1 and T2 were similar to those of control group; the EMG activity of the 
bilateral PCB group presented some differences compared to the other two groups; 
the EMG activity and muscular thickness of bilateral PCB did not modify at T2, but 
the masseter thickness of unilateral PCB patients decreased during rest; muscular 
asymmetry occurred in patients with and without PCB; positive correlation between 
EMG and US was found only in the control group during clenching. In article 2, the 
EMG activity of massteres and anterior temporalis muscles were analyzed during 
habitual and unilateral chewing. The results showed that: the control, unilateral and 
bilateral PCB groups presented symmetric EMG activity during habitual chewing; 
the control and bilateral PCB groups, at T1 and T2, presented the working side 
muscles more active during unilateral chewing, which occurred in unilateral PCB 
group only at T2; the EMG activity of unilateral PCB group decreased at T2 and did 
not modified in bilateral PCB group; some inter groups differences in EMG activity 
were found among the groups at T1 and T2. The article three was performed in two 
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groups of 26 children (aged between 6 and 10 years, both gender), submitted to 
RME using the banded (Hyrax group) or bonded (bonded group) appliance. Lateral 
cephalometric radiographs were analysed before the treatment and at least ten 
months after retention. The results showed that skeletal differences after RME 
were similar with banded and bonded RME appliances. According to the three 
articles, it can be concluded that masticatory muscles thickness and EMG activity 
asymmetries occured in children with and without PCB. The muscular thickness of 
PCB children, before and after treatment, was similar to that of no crossbite 
children. Different muscular electrical activity between children occured 
independent of PCB or mandible deviation. The thickness and EMG activity of 
children with unilateral PCB decreased after treatment, but these characteristics 
did not modify in children with bilateral PCB. The vertical and sagittal skeletal 
changes after RME were similar with bonded and bonded appliances.  
 
Key words: malocclusion; palatal expansion technique; electromyography; 
ultrasonography; cephalometry; mixed dentiton  
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INTRODUÇÃO GERAL  
 A Odontologia moderna valoriza o estudo da oclusão dentária e a 
relação desta com as funções do sistema estomatognático, o qual está 
intimamente relacionado com o crescimento e desenvolvimento harmônico da 
face. As alterações anatômicas, que normalmente acometem os arcos dentários e 
ossos de suporte, induzem a ocorrência de adaptações compensatórias que 
podem prejudicar o funcionamento de todo o sistema (O’Byrn et al., 1995). Dentro 
desse contexto, os profissionais que atendem crianças, em especial os 
odontopediatras, devem propiciar condições para o desenvolvimento equilibrado 
do sistema estomatognático sob o ponto de vista morfológico, estético e funcional 
(Faltin Júnior et al., 2003). Havendo harmonia entre forma e função, as relações 
serão estáveis e o tratamento das alterações oclusais poderá ser considerado 
integral (Dawson, 1993). 
 Dentre as maloclusões encontradas em crianças, a mordida cruzada 
posterior (MCP) se destaca pela alta prevalência, que varia de 7% a 23% na 
dentição mista (Magnusson, 1997; Keski-Nisula et al., 2003; Tausche et al. 2004), 
e ausência de correção espontânea (Kutin & Hawes 1969; Kurol & Berglund, 
1992). A relação vestibulolingual anormal dos dentes posteriores, característica da 
MCP, pode ter origem dentoalveolar ou esquelética, sendo o diagnóstico 
diferencial extremamente importante para a escolha e sucesso do tratamento. A 
constrição do arco superior na MCP dentoalveolar é resultante da inclinação 
dentária e, na MCP esquelética, da atresia maxilar. A ocorrência dessas 
maloclusões pode ser bilateral ou, mais comumente, unilateral com desvio 
funcional da mandíbula para o lado cruzado (Silva Filho et al., 1995; De Rossi & 
Gavião, 2008).  
 Em crianças, a expansão rápida da maxila (ERM) é um procedimento 
amplamente aceito e recomendado para a correção da MCP associada à atresia 
maxilar. A abertura da sutura palatina mediana promove um aumento da largura 
maxilar e do perímetro do arco dental, possibilitando a coordenação das bases 
dentárias superior e inferior e correção da mordida cruzada (Silva Filho et al., 
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1991; Marini et al., 2007; Ballanti et al., 2009). No entanto, além da correção da 
discrepância transversal, a ERM também pode provocar alterações secundárias 
como o deslocamento inferior e anterior ou posterior da maxila (Sarver & Johston, 
1989; Asanza et al., 1997; Gautam et al., 2007), extrusão e inclinação dos molares 
superiores e rotação mandibular no sentido horário (Silva Filho et al., 1991; Chung 
& Font, 2004; Kiliç et al., 2008; Ramoglu & Sari, 2009). Essas alterações podem 
resultar no aumento da altura facial e abertura da mordida anterior (Silva Filho et 
al., 1991; Chung & Font, 2004; Kiliç et al., 2008).  
 Desde o primeiro relato de ERM (Angell, 1860), diferentes aparelhos 
foram sugeridos para a separação das hemimaxilas, apresentando modificações 
especialmente no tipo de material e ancoragem utilizada. Atualmente, os 
disjuntores bandados do tipo Haas (Haas 1961) e Hyrax (Biederman, 1968) e o 
disjuntor com cobertura oclusal de acrílico (McNamara & Brudon, 1995) são os 
mais conhecidos e utilizados (De Rossi et al., 2009; De Felippe et al., 2009; Gurel 
et al., 2010). Embora alguns autores (Sarver & Johston, 1989; Asanza et al., 1997; 
Olmez et al., 2007) acreditem na eficiência do aparelho com cobertura oclusal de 
acrílico para controlar os efeitos verticais e sagitais associados à abertura da 
sutura palatina mediana, não há evidência científica suficiente para comprovar a 
superioridade deste no controle dos efeitos secundários da ERM (De Rossi et al., 
2008).  
 Na Odontologia moderna, frente à crescente valorização do aspecto 
funcional do sistema estomatognático, o diagnóstico das maloclusões e a 
avaliação dos tratamentos não devem se restringir apenas ao exame clínico e 
radiográfico. A musculatura facial está direta e intimamente relacionada com o 
desenvolvimento das maloclusões. A função muscular adequada é fundamental 
para o equilíbrio do sistema estomatognático e estabilização dos tratamentos 
(Simões, 1998; Pepicelli et al., 2005). Dessa forma, outros métodos de diagnóstico 
têm sido utilizados para a análise dos músculos mastigatórios, como a 
eletromiografia (EMG) de superfície e a ultrassonografia (US). Ambos os métodos 
são simples, reprodutíveis, seguros e podem ser utilizados em adultos e crianças 
3 
 
para avaliar os músculos masseter e temporal durante a mastigação (EMG), 
repouso e apertamento dental (US e EMG) (Hugger et al., 2008; Serra et al., 
2008). 
 O termo “eletromiografia” se refere aos métodos empregados para 
detectar e registrar os potenciais de ação das fibras musculares. Com a utilização 
de eletrodos superficiais (EMG de superfície) é possível medir a atividade elétrica 
de músculos mastigatórios com resultados semelhantes aos obtidos com o 
registro intramuscular (Belser & Hannam, 1986). Tal método possibilita a 
comparação funcional de indivíduos com alterações específicas do sistema 
estomatognático e grupos controle; a comparação entre pares de músculos do 
mesmo indivíduo; ou ainda a comparação pré e pós diferentes tipos de 
tratamentos oclusais (Hugger et al., 2008). A ultrassonografia é uma técnica que 
permite avaliar a secção transversal dos músculos superficiais com a utilização de 
um transdutor de alta resolução embebido em gel e colocado em contato com a 
pele (Serra et al, 2008). O exame de US permite medir a espessura dos músculos 
da mastigação com considerável vantagem em relação à outros métodos, como a 
tomografia computadorizada e a ressonância magnética, particularmente em 
termos de segurança, disponibilidade e custo (Emshoff et al., 2003; Serra et al, 
2008). A espessura e a atividade elétrica dos músculos masseter e temporal têm 
sido relacionadas a fatores oclusais e disfunções temporomandibulares, sendo, 
portanto, aspectos importantes a serem considerados no estudo integral do 
sistema estomatognático. (Raadsheer et al. 1996, 2004; Bakke et al., 1992; 
Prabhu & Munshi, 1994; De Rossi et al., 2009; Mazzone et al., 2009; Botelho et al., 
2009).   
 A MCP é comumente encontrada em crianças e a análise dos músculos 
mastigatórios pode fornecer dados relevantes sobre o possível impacto funcional 
das maloclusões. Todavia, os trabalhos que avaliaram a atividade elétrica 
(Haralabakis & Loutfy, 1964; Troelstrup & Møller, 1970; Ingervall & Thilander, 
1975; Alarcón et al., 2000; Kecik et al., 2007; Andrade et al., 2009 ) e a espessura 
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muscular (Castelo et al., 2007; Kiliaridis et al, 2007; Andrade et al., 2009) de 
crianças portadoras dessa maloclusão apresentam resultados controversos.  
 A ERM é uma terapia amplamente utilizada para a correção da MCP e 
a análise dos músculos mastigatórios permite a avaliação funcional dos 
tratamentos de problemas oclusais. Entretanto, poucos trabalhos avaliaram a 
atividade elétrica (Arat et al., 2008; De Rossi et al., 2009) da musculatura 
mastigatória de crianças submetidas à ERM e os resultados encontrados são 
conflitantes e inconclusivos. Em relação a US, o único trabalho que analisou a 
espessura muscular de crianças submetidas à ERM (Kiliaridis et al., 2007) é 
transversal. Dessa forma, ainda há muito a esclarecer em relação aos efeitos 
musculares associados à MCP unilateral e à ERM. Os possíveis efeitos 
musculares associados à MCP bilateral, ainda não são conhecidos.  
 Assim, o objetivo da presente tese foi avaliar a atividade EMG e a 
espessura US da musculatura mastigatória de crianças portadoras de MCP unilateral 
e bilateral, antes e após a ERM, comparando-as com as de crianças com 
normoclusão; bem como verificar se há diferenças esqueléticas, verticais e sagitais, 
com o uso do aparelho disjuntor bandado ou colado com cobertura oclusal de 
acrílico. 
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CAPÍTULOS 
 Esta tese está baseada na Resolução CCPG/002/06/UNICAMP que 
regulamenta o formato alternativo para dissertações de Mestrado e teses de 
Doutorado e permite a inserção de artigos científicos de autoria ou co-autoria do 
candidato (Anexo 1). Os projetos de pesquisa foram aprovados pelo Comitê de 
Ética em Pesquisa da Faculdade de Odontologia de Piracicaba e Faculdade de 
Odontologia de Ribeirão Preto (Anexos 2 e 3). Assim sendo, esta tese é composta 
por três capítulos, correspondente a três artigos científicos, conforme descrito 
abaixo: 
 
 
Capítulo 1: “Morphological and functional muscular characteristics before and 
after treatment of posterior crossbite” 
 
Capítulo 2: “Masticatory effects of posterior crossbite and its treatment: an 
eletromyographic analysis” 
 
Capítulo 3: “Skeletal effects of banded and bonded rapid maxillary expansion 
appliances: a lateral cephalometric study” 
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CAPÍTULO 1  
 
 
MORPHOLOGICAL AND FUNCTIONAL MUSCULAR CHARACTERISTICS 
BEFORE AND AFTER TREATMENT OF POSTERIOR CROSSBITE* 
 
 
Moara De Rossi, DDS, MS 
• Department of Pediatric Dentistry, Piracicaba Dental School, University of 
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• Department of Pediatric Dentistry, Ribeirão Preto Dental School, University of 
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ABSTRACT 
Objectives: The aim of this study was to evaluate the thickness and electrical 
activity of the masseter and anterior temporalis muscles in children with unilateral 
and bilateral posterior crossbite (PCB), before and after treatment, compared with 
those having normal occlusion; as well as to evaluate the possibility of an 
association between electrical activity and muscle thickness. Methods: The 
experimental group consisted of 31 patients (15 boys, 16 girls; mean age 8.4 
years) with unilateral (18 children) or bilateral (13 children) PCB; the control group 
consisted of 24 normocclusive subjects (14 boys, 10 girls; mean age 8.4 years). 
Surface electromyographic (EMG) and ultrasound (US) measurements were 
performed under relaxed conditions and during maximal dental clenching. Data 
were analyzed before (T1) and 5.8 months after rapid maxillary expansion (T2) in 
the experimental group and at one time point in the controls. Both intra- and inter-
group EMG and US values were compared. Results: Inter-group comparison did 
not show statistically significant differences in US values. At T1, the crossbite 
masseters of unilateral PCB children were more active than the respective 
masseters of bilateral PCB children. At T2, the masseter muscles of the bilateral 
PCB children were more active than those of the control and unilateral PCB 
groups, during rest. Intra-group comparison revealed no EMG activity differences 
from T1 to T2, and only the masseter thickness of unilateral PCB children 
decreased during rest. EMG activity and muscle thickness differences between 
sides were found in both the control and PCB groups. Positive significant 
correlation between EMG activity and muscle thickness was observed only in the 
control group during clenching. Conclusions: The presence of unilateral or bilateral 
PCB and its treatment did not seem to influence the EMG and thickness of the 
masseter and temporalis muscles. In normocclusive children, EMG and US values 
were positively correlated during clenching.  
 
Key words: Posterior crossbite. Ultrasonography. Electromyography. Masticatory 
muscles. 
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INTRODUCTION  
The posterior crossbite (PCB) is one of the most common malocclusions 
in children and is reported to occur with a prevalence varying from 7.5 to 23% in 
the early mixed dentition.1-3 This malocclusion can have any combination of 
neuromuscular, dental or skeletal origins; it can occur bilaterally or unilaterally with 
deviation of the mandible to the crossbite side.4 Previous studies have found 
functional changes in the masticatory muscles and temporomandibular joint in 
patients with unilateral PCB, such as electromyographic activity (EMG) alteration 
during rest and clenching,5 thickness differences between right and left masseter 
muscles,6 decrease in bite force magnitude and increase in signs and symptoms of 
temporomandibular disorders (TMDs).5,7,8 The muscular effects of bilateral PCB not 
associated with a lateral shift of the mandible have not been extensively studied in 
children.9  
Rapid maxillary expansion (RME) is a widely accepted procedure 
recommended for the treatment of PCB related to maxillary constriction. The 
opening of the median palatine suture promotes an increase in maxillary width and 
dental arch perimeter, making it possible to coordinate both superior and inferior 
dental bases, thus correcting crossbites.10,11 The functional capacity of the 
masticatory muscles may be influenced by factors such as the width of the 
maxillary dental arch 12 and occlusal contacts and their changes.13 Moreover, the 
activity of masticatory muscles may be associated with the thickness of the 
muscles.14 Thus, the occlusal and morphologic alterations resulting from RME are 
expected to alter the morphology and function of masticatory muscles.  
Given this background, the aim of this study was to evaluate the 
electrical activity and the thickness of the masseter and anterior temporalis 
muscles in children with unilateral and bilateral PCB, before and after treatment, 
compared with those having normal occlusion. The research hypothesis was that 
the EMG and thickness pattern of those muscles would be different in children with 
posterior crossbite comparing to normal occlusion, reaching similar patterns after 
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the RME, in a follow-up period about six month. Furthermore, an analysis was 
performed of the association between the EMG and muscle thickness. 
 
MATERIAL AND METHODS 
A longitudinal study design was used with subjects recruited in a 
convenient sample of 55 children, aged 7-10 years, who were to start dental 
treatment at the Department of Pediatric Dentistry, Piracicaba Dental School, 
University of Campinas. The Research Ethical Committee of the Dental School 
approved the project (protocol 023/2006 and 020/2006), and the children and their 
parents or guardians received an oral and written explanation about the aims and 
research methodology. After receiving permission, a clinical evaluation and 
anamnesis were carried out to verify medical and dental history. Children were 
included in the sample if they had normocclusion or PCB associated with maxillary 
constriction in mixed dentition stage; presence of all posterior teeth without 
anomalies and alteration of form, structure, or number; and presence of the four 
first permanent molars in occlusion. The maxillary constriction was determined by 
the presence of high palatal vault, triangular shape of the upper dental arch and 
PCB. Children were excluded if they had PCB resulting from dental inclination; 
clinical signs or symptoms of TMDs; genetic or congenital abnormalities; systemic 
diseases negatively affecting the craniofacial growth; previous or current 
orthodontic treatment, extensive restorations, cast restorations or cuspal coverage, 
pathologic periodontal condition, or missing teeth. Complete orthodontic 
documentation (lateral cephalometric, panoramic and occlusal radiographs, study 
models, extraoral front and profile photographs, and intraoral photographs) was 
obtained for diagnosis and planning of the orthodontic treatment. The children were 
divided into three groups:  
 Control group - composed of 24 children with normocclusion (14 boys and 
10 girls) aged from 7.2 to 10.8 years (mean age 8.4 years),  
 Unilateral PCB group - composed of 18 children (8 boys and 10 girls), aged 
from 6.9 to 10.3 years (mean age 8.5 years), presenting right (6 children) or 
10 
 
left (12 children) PCB associated with a functional shift of the mandible 
toward the crossbite side. The mandible functional shift was defined in the 
case when the patient had a mandibular midline shift to the crossbite side at 
maximum intercuspal position. 
 Bilateral PCB group - composed of 13 children (7 boys and 6 girls), aged 
from 6.9 to 10.5 years (mean age 8.3 years), presenting bilateral PCB 
without functional mandibular shift. 
The electrical activity and thickness of the masseter and temporalis 
muscles were initially evaluated in all children (T1). The children in the unilateral 
and bilateral PCB groups were submitted to rapid maxillary expansion with Hyrax 
appliance, which is constituted of a screw for palatal expansion (split screw, 9 mm, 
reference code 65.05.011; Dental Morelli, Sorocaba, SP, Brazil) solded in a frame 
work of wire bonded to the deciduous canines with light-cured composite (Z100. 
3M do Brasil Ltda Produtos Dentários; Sumaré, SP, Brazil) and banded to the first 
upper molars with glass ionomer cement (Vidrion C, S.S. White, Rio de Janeiro, 
RJ, Brasil). The appliance was activated by adjusting a screw a quarter turn 
(0.25mm) every 12 hours. When the palatal cusps of the posterior upper teeth 
were occluding the buccal cusps of the lower posterior teeth, the screw was fixated 
using acrylic resin (Jet, Artigos Odontológicos Clássico Ltda, São Paulo, Brazil). 
Occlusal radiography was performed to confirm the opening of the median palatine 
suture. The patients wore the fixed appliance for four months on average, and 
occlusal radiography was again performed to verify the new bone formation in the 
median palatine suture. The appliance was then removed, and patients wore a 
removable appliance. New electrical activity and thickness evaluations (T2) were 
made after Hyrax appliance removal, only in PCB groups. The average interval 
between T1 and T2 was 5.8 months.  
Muscular thickness  
An only operator, using the Just-Vision 200 digital ultrasonography 
system (Toshiba Corporation, Otawara, Japan; 56 mm/10-MHz linear-array 
transducer), conducted the bilateral masseter and anterior temporalis thickness 
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evaluation. The images were measured directly on screen at the time of scanning 
with an accuracy of 0.1 mm. The participants were seated in an upright position 
with their heads orientated with the Frankfort plane parallel to the floor. A generous 
amount of gel was used under the probe to avoid tissue compression. The 
locations for ultrassound imaging (US) were determined by palpation, following the 
orientations: Masseter - a level halfway between the zygomatic arch and gonial 
angle, close to the level of the occlusal plane; anterior portion of the temporalis 
muscle - in front of the anterior border of the hairline. During the recordings, the 
transducer was placed perpendicular to the direction of the muscle fibers and 
moved gradually to obtain optimal visualization. On the sonograms, the bony 
landmark is identified as a hyperdense line.15 Contrast between the muscle and 
subcutaneous tissue was enhanced by asking the subject to clench and relax 
alternately. 
The measurements of masseter and temporalis muscles on both sides 
were performed twice at rest and in maximal dental clenching, with an interval of at 
least two minutes. The final thickness was calculated as the average of the two 
measurements. In the relaxed state, the participants were asked to relax without 
occlusal contact, whereas in the contracted state, they were asked to clench 
maximally. 
Measurement error for ultrasound 
The errors of measurement (Se) for the thickness of masticatory 
muscles were assessed from repeated measurements on two separate occasions 
(m1, m2) of 12 randomly selected subjects (n), using Dahlberg’s formula (Se 
=√∑(m1 – m2)2 / 2n).16 The error was 0.31 mm for the contracted and 0.35 mm for 
the relaxed masseter, and 0.15 mm for the contracted and 0.09 mm for the relaxed 
anterior temporal. 
Muscular electrical activity  
Muscle activities were measured with the EMG system MCS-V2 
Electromyograph (Sao Paulo, Brazil), consisting of a signal conditioner with a band 
pass filter with cut-off frequencies at 10-500 Hz, an amplifier gain of X 1000 and a 
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common mode rejection ratio >120dB. All data were processed using specific 
software for acquisition and analysis (AqData), a converting plate for A/D 12 bits 
signal to convert analog to digital signals with a sampling frequency of anti-aliasing 
2.0Hz for each channel and an input range of 5V. Myoelectric signals were 
captured by four active electrodes with two contacts of 10.0 x 1.0 mm with a 
distance of 10.0 mm between them, impedance upwards of 10GΏ and a common 
rejection value of 130dB to 60Hz, crafted in silver and fixed in a resin capsule of 
40x20x5 mm. During the experiment, the child sat comfortably, with a straight back 
and head orientated with the Frankfort plane parallel to the floor. Both the skin and 
the electrodes were cleaned with 70 percent ethyl alcohol in order to eliminate any 
grease or pollution residue and to minimize electrode impedance. The skin was 
also shaved when needed.  
The active differential electrodes were placed on the belly of the 
masseter muscles and on the anterior portion of the right and left temporalis 
muscles, with the larger extension of bars perpendicular to the direction of muscle 
fibers. Positions of the electrodes were determined by palpation, and maximum 
voluntary contraction was performed to guarantee that the muscles were 
accurately located. A reference electrode was put in the right pulse to reduce 
electromagnetic interferences and other acquisition noise. EMG signals were 
recorded at rest position and during dental clenching at maximum habitual 
intercuspation with and without a cotton roll (Apolo Dental Rolls, Companhia 
Manufatora de Tecidos de Algodão, Cataguases, MG, Brazil) between lower and 
upper posterior teeth. At rest, the children remained relaxed without occlusal 
contact during ten seconds and at maximal dental clenching they maintained the 
force with continuous contractions during four seconds. The muscle activity was 
recorded twice for each position (rest and maximal dental clenching with and 
without a cotton roll) and EMG value was calculated as the average of the two 
measurements.  
To reduce the variability intra- and inter-subjects, the normalization of 
EMG potentials was calculated for the RMS (Root Mean Square, µV) values by 
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converting absolute (liable to constitutional interferences) into relative values.17,18 
This way, values during rest and maximal clenching on cotton roll were expressed 
as a percentage of the maximum clench without cotton roll, unit of (µV/ µV) 
X1007.18 In all procedure the capture and analysis of EMG signals were carried out 
as recommended by the International Society Electromyography Kinesiology. 17 
Statistical analysis  
Statistical analysis was made with the statistical package SPSS 12.0 for 
Windows (SPSS Inc.; Chicago, IL, USA), and the Shapiro-Wilks test was used to 
verify data normality. The EMG and US values were compared both intra- group 
(between sides and between the two evaluated periods) and inter- group (between 
control, unilateral and bilateral PCB groups at T1 and T2). The significance level 
was set at p<0.05. The EMG normalized values were used for intra- and inter- 
group comparisons. To analyze the correlation between EMG and US, the EMG 
values of RMS without normalization were used. 
Intra- group comparisons were carried out by considering the right and 
left sides for the control and bilateral PCB groups, and the normal and crossbite 
sides were considered for the unilateral PCB group. Paired t-tests were used for 
these comparisons. Inter- group comparisons were performed between the 
crossbite side in the unilateral PCB group and the right side in the bilateral PCB 
and control groups. The no crossbite side in the unilateral PCB group was 
compared with the left side in the bilateral PCB and control groups. Analysis of 
variance (ANOVA) and the Tukey post hoc test were used for these comparisons. 
The relationship between muscle thickness and electrical activity was evaluated by 
Pearson's coefficient correlation analysis.  
 
RESULTS 
No one child related any discomfort or pain, and no dental, mucosal or 
periodontal damage was found during Hyrax appliance use. The posterior crossbite 
treatment was successfully obtained and maintained in all cases. The mandibular 
shift, present in the unilateral PCB group before treatment, was absent at T2. 
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Descriptive statistics of EMG and US values of masseter and temporalis 
muscles at T1 and T2 are found in Table 1. The EMG dates of the bilateral PCB 
group include only 12 children because one did not return to the EMG evaluation at 
T2.  
Muscular thickness  
Between sides comparison – In the control group, the left masseter was 
thicker than the right one during rest. At T1, during clenching, the masseter on the 
left side was significantly thicker (p <0.05) than the one on the right side in the 
bilateral PCB group. At T2, the following significant differences were found: during 
rest in the unilateral PCB group, the temporalis in the no crossbite side was thicker 
than that on the crossbite side (p<0.05), whereas in the bilateral PCB group the left 
masseter was thicker than the right one.  
Between intervals comparison – In the unilateral PCB group, both 
masseters at T1 were statistically significantly thicker than at T2 (p<0.05).  
Inter- groups comparisons- There were no difference among all groups 
at T1 or at T2. 
Muscular electrical activity  
Between side comparison - During rest at T1 and T2, the temporalis 
muscle was significantly more active in the right side than in the left side, in 
bilateral PCB (p <0.05 and p <0.01, respectively) and control (p <0.01) groups.  
Between intervals comparison- There were no differences between T1 
and T2. 
Inter- groups comparisons - During rest at T1, the right masseter of the 
bilateral PCB group was significantly more active than the masseter in the 
crossbite side in the unilateral PCB group (p<0.05). At T2, both masseters of the 
bilateral PCB group were significantly more active than the corresponding ones in 
the control group (p <0.05). The left masseter of the bilateral PCB was also 
significantly more active than the masseter in the no crossbite side in the unilateral 
PCB group (p <0.05). 
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Correlation between EMG and US  
Table 2 shows the correlation between EMG activity and muscle 
thickness in control and PCB groups at T1 and T2. A significant positive correlation 
(p<0.05) was observed in masseter and temporalis muscles only in the control 
group during clenching. The bilateral PCB group showed a significant negative 
correlation (p <0.05) in the right temporalis muscles during rest at T2. 
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TABLE 1. Mean, standard deviation (±) and statistical significance of US thickness (mm) and EMG activity (RMS 
normalized values) of the masseters and anterior temporalis muscles during clenching and rest, in the unilateral and the 
bilateral PCB groups before (T1) and after (T2) treatment and in the control group 
 T1 T2 Control (n=24) 
 
Unilateral crossbite 
(n=18) 
Bilateral crossbite 
(US n=13; EMG12) 
Unilateral crossbite 
(n=18) 
Bilateral crossbite 
(n=13 US; 12 EMG) 
Side Crossbite  No 
crossbite  
Right  Left  Crossbite  No 
crossbite  
Right  Left  Right  Left  
US at rest  
Masseter 10.06 ±0.8A 9.77±1.0 A 10.16 ±1.2 10.53 ±1.4 9.81 ±0.8B 9.59 ±1.1B 9.67±0.8* 10.12±0.9* 10.04 ±1.5* 10.43 ±1.2* 
Temporalis 2.63 ±0.4 2.61 ±0.5 2.44 ±0.3 2.57 ±0.4 2.54 ±0.2* 2.65 ±0.3* 2.50±0.3 2.56±0.3 2.80 ±0.4 2.84 ±0.5 
US during clenching  
Masseter 11.93±1.3 11.83±1.4 11.31 ±1.2* 12.02±1.3* 11.53 ±1.1 11.46 ±1.1 11.37±0.9 11.49±1.0 12.31±1.8 12.29 ±1.3 
Temporalis 3.05± 0.6 3.05± 0.7 2.91 ±0.4 3.02 ±0.5 2.95 ±0.3 3.06 ±0.4 2.93±0.4 3.00±0.5 3.29 ±0.5 3.32 ±0.6 
EMG at rest   
Masseter 8.66 ±3.1a 9.58 ±4.26 13.42±5.9 b 12.74±6.7 10.91 ±7.4 10.51 ±6.9d 18.43± 14.8c 25.52±30.7c 9.38 ±5.9d 9.26 ±4.5d 
Temporalis 10.95 ± 5.8 10.81±7.0 13.35±4.8* 10.06±4.2* 12.72 ±8.3 12.18 ± 8.1 15.11±8.4* 10.84±5.9* 9.75 ±3.9* 7.94 ±3.3* 
EMG during clenching   
Masseter 100.09±19.1 102.45±17.2 120.09±54.4 118.68±60.0 102.47±34.3 111.12±29.5 96.43±28.8 105.90±33.6 103.43±25.8 102.28 ±23.6 
Temporalis 98.79 ± 20.0 99.52 ±19.6 103.00±19.6 109.59±41.5 95.47 ±29.4 94.94 ±18.3 94.70 ±11.3 91.54±11.2 95.72 ±24.8 91.87 ±24.4 
*(p <0.05 Paired t test) – between sides comparison 
Different superscript capital letters mean statistical differences between T1 and T2 in each group (p <0.05, Paired t test)  
Different superscript small letters mean statistical inter-group differences in each time (p <0.05, ANOVA/Tukey post hoc test) ab; cd
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TABLE 2. Correlation coefficients (r) of the masseter and temporalis muscle thickness (US) with electrical activity (EMG) 
during rest and dental clenching in unilateral and bilateral crossbite group at T1 and T2 and in the control group 
 
 T1  T2  
 
Unilateral crossbite 
(n=18) 
Bilateral crossbite 
(n=13) 
 Unilateral crossbite 
(n=18) 
Bilateral crossbite 
(n=12) 
Control Group 
(n=24) 
At rest       
Masseter C/Right -0.00  0.13   0.39  -0.20  0.29   
Masseter NC/Left 0.41  0.44   0.03  -0.30  0.05  
Temporalis C/Right -0.02  0.39   -0.14  -0.66* -0.21  
Temporalis NC/Left -0.43  0.06   -0.08  -0.52  -0.27  
During clenching       
Masseter C/Right -0.16  0.54   -0.18  0.39  0.48*  
Masseter NC/Left -0.06  0.16   0.25  0.36  0.48* 
Temporalis  C/Right -0.01  -0.02   -0.17  -0.22  0.48* 
Temporalis NC/Left 0.40  0.23   0.30  -0.15  0.46* 
C=crossbite side; NC=no crossbite side 
*p˂0.05 (Pearson’s correlation) 
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DISCUSSION 
The early muscular and occlusal alteration diagnostic is essential to 
promoting the correct treatment and to helping establish the correct morphological 
and functional characteristics of the masticatory system. Thus, the muscular 
evaluations in children with and without PCB, before and after treatment, were 
made in the present study to inform the clinicians and researchers about this 
common malocclusion and the effects of its treatment. Surface EMG and US 
modalities were used in the present study because both are efficient, simple, safe 
and available methods to evaluate the morphology and function of masticatory 
muscles.19,20 
Muscular thickness  
The present study has shown that the muscular thicknesses of unilateral 
and bilateral PCB children, both before and after treatment, are similar to those of 
normocclusion muscles, in agreement with previous findings.21,22 Some thickness 
differences between sides were found in the control and PCB groups, showing that 
some muscular asymmetry can be normal and is not related to PCB or mandible 
deviation. In some studies,6,22 the temporalis and the masseter muscles of the 
crossbite side were found to be 0.05 mm and 0.3 mm, respectively, thicker on the 
normal side. However, as occurred in some of our results, it is important to spot 
that the differences between sides previously found6,22  were small and similar to 
the error of the thickness calculated by the authors themselves.  
Regarding the effects of PCB treatment in thickness of masticatory 
muscles, Kiliaridis et al.6 believed that the successful treatment eliminated the 
asymmetry, but pointed out that the results must be interpreted with caution since 
they are from a cross-sectional study without thickness measurement before 
treatment. Our study was longitudinal and, after treatment, differences between 
sides were found at rest in the temporalis muscles of the unilateral PCB group and 
in the masseter muscles of the bilateral PCB group. It is possible that the treated 
unilateral PCB group evaluated by the authors6 also did not presented asymmetry 
thickness asymmetry before treatment.  
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Ours results showed that the masseter muscle thicknesses of unilateral 
PCB children decrease significantly after PCB correction during rest. A possible 
justification to thickness decrease after treatment is based on the US method error. 
The differences in thickness of masseter muscles at rest after treatment are small 
and similar to the method error of the thickness calculated (Se=0.35). The error for 
relaxed masseter muscle thickness was higher than for thickness in the contracted 
state and for the temporalis muscle, which may be considered a result of the 
muscle being more susceptible to the pressure of transducer.12 Similar errors were 
found by other authors22,23 and may be considered low.  
EMG 
In the present study, EMG activity differences between sides were found 
in temporalis muscles of the control and bilateral PCB groups at rest, both before 
and after treatment, which led us to believe that the functional shift of the mandible 
in unilateral PCB children before treatment did not promote asymmetric muscular 
activity. Some authors have found a different level of bilateral activity of the 
masticatory muscles in children with unilateral PCB or lateral forced bite24-27 which 
they believe to be a functional adaptation of the masticatory system to avoid cuspal 
interferences. However, as occurred in our study, differences in EMG activity 
between sides have also been found in normocclusion patients21,27 showing that a 
certain degree of EMG muscular asymmetry could be considered as physiological 
and compatible with normal function.  
After posterior crossbite treatment, the EMG activities of the masseter 
and anterior temporalis muscles were not statistically significantly modified during 
dental clenching or resting. A recent study18 showed that the EMG activity of these 
masticatory muscles increased after RME, a contrasting result that may be 
explained by the acrylic occlusal coverage enclosed in the expansion appliance 
used in that study. Kecik et al.5 verified that the EMG differences between sides 
found in unilateral PCB children were higher than those in normocclusion children. 
After maxillary expansion, the difference decreased and was similar to that of the 
normocclusion group. The differences between the studies might be due to the 
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methodological differences. In contrast to our study, in which the EMG values of 
each side were compared both inter- and intra- group, Kecik et al.5 used only 
differences between sides in an inter- and intra- group comparison.  
EMG inter- group differences were found involving just the bilateral PCB 
group during rest. Before treatment, the right masseter of the bilateral PCB group 
was more active than the crossbite side masseter of the unilateral PCB group at 
rest. After treatment, both masseter muscles of the bilateral PCB group were more 
active than those of controls, and the left masseter also presented higher activity 
than that of the no crossbite side masseter of the unilateral PCB group. Studies 
regarding the muscular activity of bilateral PCB patients are lacking, such that a 
direct comparison of our results, as well as an explanation for them, can not be 
made. During dental clenching, muscle activity of PCB groups maintained a pattern 
of normality, as occurred in the control group, in which the masseters were more 
active than the temporalis before and after treatment. This pattern of normality was 
due to the functional and morphologic characteristics of these muscles. The 
masseter is a powerful muscle; its function is force. The temporalis is faster; it is 
the first to contract at mandibular closing and coordinates movement by positioning 
the mandible.19 This pattern of normality was also maintained after RME, as 
previously found.18 
Our results showed a significant positive correlation between EMG and 
US values only in normocclusion children during clenching, in agreement with 
others.14,28 Considering that an intensive use of any skeletal muscle may cause 
changes in the muscle fiber size and composition, a positive correlation between 
electrical activity and muscles thickness might be expected.6 According to 
Georgiakaki et al.,14 a positive correlation between the masticatory muscle 
thickness and EMG activity could be expected in subjects with healthy muscle, 
since the muscle thickness corresponds to the number of contractile elements of 
the muscle. The absence of a positive correlation found in the control group during 
rest and in unilateral and bilateral PCB groups during rest and clenching, was also 
found in other studies21,28 and could be explained by some methodological details. 
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Despite the fact that the localization of the masseter and anterior temporalis 
muscles has been made similarly in EMG and US exams, it is difficult to ensure 
that the measured muscle thickness corresponds precisely to the same number of 
contractile elements of the muscle during EMG evaluation. Furthermore, EMG 
measurement reliability was found to be dependent on the effects of various 
factors, such as impedance of the skin and the subcutaneous fat layer, which could 
interfere with the electrical activity of the studied muscle and increase the standard 
deviation, making a significant correlation more difficult.  
The results of the present study suggest the absence of muscular 
alterations associated with PCB, as well as any improvement related to its 
treatment. However, these findings must be considered with caution, since EMG 
and ultrasonography could not detect subtle changes that occurred in the muscles 
studied. Biomechanical and proprioceptive mechanisms may be implicated in the 
functional changes that occur in the masticatory muscles29,30 and the changes 
could take more time to express themselves. Sometimes they can only be 
demonstrated by histochemical analysis or by histological examinations. In 
addition, the obtained EMG data were from surface EMG that provides information 
about many fibers of the masseter and temporalis muscles, which were evaluated 
during static conditions. The masticatory muscle must be considered as a 
functional unit when evaluating mandibular position and movement.30 The 
masseter muscle is responsible for the power stroke while temporalis and lateral 
pterygoid muscles are responsible for fine positioning of the mandible.30 As stated 
by Harper et al.30 “the lateral pterygoid muscles may be more closely related to the 
proprioceptive feedback mechanism resulting from an improved dental occlusal 
table than to the biomechanical alterations in the facial skeleton”. This statement 
induces the importance of the muscles that determine the fine posturing 
movements of the mandible when studying the effects of RME on the masticatory 
system, despite an invasive technique is required. Furthermore, considering that 
the present study is static in nature, further functional investigations are necessary 
to achieving a better understanding of PCB diagnostics and prognostics, including 
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the muscles studied during oral functions and a longer follow- up period after 
treatment.  
Finally, is important to spot that other functional characteristics, such as 
breathing, swallowing and speech cannot be neglected since they are interrelated 
with each other and with masticatory muscle activity. These interactions should be 
considered in orthopedic diagnostic and treatments, especially to prevent relapse 
after maxillary expansion.9,18 When recommended, the patients of our sample were 
submitted to speech and medical therapy, after the last EMG and US evaluation. 
Thus, the possible muscular effects of these other therapies were not considered.  
 
CONCLUSIONS 
The muscular thicknesses of unilateral and bilateral PCB children, both 
before and after treatment, are similar to those of normocclusion muscles.  
Some thickness and EMG activity differences between sides were found 
in the control and PCB groups, both before and after treatment, showing that some 
morphological and functional muscular asymmetry can be normal and is not related 
to PCB or mandible deviation. 
A significant positive correlation between US and EMG values was 
observed in masseter and temporalis muscles only in the control group during 
clenching.  
The EMG activity of masseter and anterior temporalis muscles did not 
significantly modified after RME. However, these finds do not guarantee absence 
of muscular effects of PCB treatment. Further dynamic studies of the mandibular 
movements, and in a longer follow-up period after RME, would give additional 
insight into the effects of RPE on the complex stomatognathic system. 
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ABSTRACT 
Objectives: The aim of this longitudinal study design was to evaluate the electrical 
activity of the masseter and anterior temporalis muscles during chewing in children 
with unilateral and bilateral posterior crossbite (PCB), before and after treatment, 
compared with those having normal occlusion. Methods: The experimental group 
consisted of 28 patients (15 boys, 13 girls; mean age 8.6 years) with unilateral 
(n=17) or bilateral (n=11) PCB; the control group consisted of 24 normocclusive 
subjects (14 boys, 10 girls; mean age 8.4 years). Electromyographic (EMG) activity 
was recorded with bipolar surface electrodes during habitual and unilateral 
chewing. The data were performed before (T1) and 5.7 months after rapid 
maxillary expansion (T2) in experimental group and at one time point in the 
controls. Results and conclusions: The results of the present study showed that 
normocclusion, unilateral and bilateral PCB children presented symmetric muscular 
activity during habitual chewing and maintained it after treatment. The control and 
bilateral PCB groups, before and after treatment, presented a normal pattern of 
muscular activity during unilateral chewing, in which the masticatory muscles 
presented significantly higher EMG values in the chewing side than in the opposite 
side. The unilateral PCB children did not present a normal pattern of muscular 
activity during unilateral chewing before treatment. However, after treatment 
normality in muscular activity was established. The EMG activity of unilateral PCB 
children decreased after treatment, and the EMG activity of bilateral PCB children 
did not modified. Some differences in EMG activity were found among the control, 
unilateral and bilateral PCB groups before and after treatment, independent of the 
presence of PCB or mandibular deviation. 
Key words: posterior crossbite, electromyography, masticatory muscles, 
mastication 
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INTRODUCTION  
The stomatognathic system constitutes a functional and physiologic 
entity integrated by a set of organs and tissues whose biology and physiopathology 
are interdependent. Its correct functioning, including mastication, depends on the 
organization and harmony of its constituents: maxilla, mandible, 
temporomandibular joint, upper and lower dental arches, occlusal relationships, 
and different pairs of muscles. The early diagnostic and treatment of alterations in 
any of these components is expected to prevent deterioration of all system and 
possible irreversible anatomic or functional disturbances during growth, justifying 
many orthodontic and orthopedic treatments in children.  
Posterior crossbite (PCB) is defined as any abnormal buccal-lingual 
relationship between the upper and lower posterior teeth. It is one of the most 
prevalent malocclusions in children and may occur bilaterally or, most commonly, 
unilaterally with functional shift of the mandible toward the crossbite side 
(Magnusson, 1997; Keski-Nisula et al. 2003; Tausche et al. 2004). Occlusal 
stability has been found to be related to muscular performance during chewing 
and, therefore, the analysis of masticatory muscle activity in subjects with altered 
occlusal relationships, as PCB, provides useful data on the functional impact of 
morphological discrepancies (Ferrario et al., 1999). The study of masticatory 
muscles during function is possible using surface electromyography (EMG), with 
results that do not significantly differ from those obtained with intramuscular 
recordings (Belser & Hannam, 1986). 
Ingervall & Thilander (1975) were the first to analyze the EMG activity of 
masticatory muscles during chewing in children with a laterally forced bite. These 
authors found a certain degree of muscular asymmetry in which the anterior and 
posterior temporalis muscles on the forced bite side were more active than those 
on the non-forced bite side. No EMG differences involving the masseter muscle 
were found. Since that time, the EMG characteristics associated with unilateral 
and, especially, bilateral PCB have not been extensively studied in children, and 
the few presented results (Alarcón et al., 2000; Arat et al., 2008) conflict with 
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previous results (Ingervall & Thilander, 1975). Regarding the muscular effects of 
PCB treatment during mixed dentition, a recently published article presented 
results showing an increase in masticatory muscle activities after rapid maxillary 
expansion (De Rossi et al., 2009).  
Taking into account the importance of masticatory muscles during 
chewing, as well as the need of more knowledge regarding the effects of PCB and 
mandibular deviation and its treatment, this study aimed to evaluate the EMG 
activity of the masseter and anterior temporalis muscles during habitual and 
unilateral chewing in children with unilateral and bilateral PCB, before and after 
treatment, in comparison with those having normal occlusion. 
 
MATERIAL AND METHODS 
A longitudinal study design was used with subjects recruited in a 
convenient sample. Fifth five children were initially selected and the final sample 
was composed of 52 children, aged from 6 to 10 years, who were to start dental 
treatment at the Department of Pediatric Dentistry, Piracicaba Dental School, 
University of Campinas. Three children were excluded due to uncooperative 
behavior in relation to experiment tasks. The Research Ethical Committee of the 
Dental School approved the project (protocol 023/2006 and 020/2006) and the 
children and their parents or guardians received an oral and written explanation 
about our aims and research methodology. After receiving permission, a clinical 
evaluation and anamnesis were carried out to verify medical and dental history. 
Children were included in the sample if they had normocclusion or PCB associated 
with maxillary constriction in mixed dentition stage; presence of all posterior teeth 
without anomalies and alteration of form, structure, or number; and presence of the 
four first permanent molars in occlusion. The maxillary constriction was determined 
by the presence of high palatal vault, triangular shape of the upper dental arch and 
PCB. Children were excluded if they had PCB resulting from dental inclination; 
clinical signs or symptoms of TMDs; genetic or congenital abnormalities; systemic 
diseases negatively affecting the facial growth; previous or current orthodontic 
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treatment, extensive restorations, cast restorations or cuspal coverage, pathologic 
periodontal condition, or missing teeth. Complete orthodontic documentation 
(lateral cephalometric and occlusal radiographs, study models, extraoral front and 
profile photographs, and intraoral photographs) was obtained for diagnosis and 
planning of the orthodontic treatment. The children were divided into three groups: 
 Control group- composed of 24 normocclusion children (14 boys and 10 
girls) with age ranging from 7.2 and 10.8 years (mean age 8.4 years). 
 Unilateral PCB group; composed of 17 children (8 boys and 9 girls), with 
age ranging from 6.9 and 10.3 year (mean age 8.6 years), presenting 
right (6 children) or left (11 children) PCB associated with a functional 
shift of the mandible toward the crossbite side. The mandible functional 
shift was defined in the case when the patient had a mandibular midline 
shift to the crossbite side at maximum intercuspal position  
 Bilateral PCB group; composed of 11 children (7 boys and 4 girls), with 
age ranging from 6.9 and 10.5 year (mean age 8.5 years) presenting 
bilateral PCB without functional mandibular shift. 
Children of the three groups presented bilateral chewing pattern without 
a preferred chewing side, determined by the visual spot-checking method 
(Christensen & Radue, 1985). The electrical activities of the masseters and 
temporalis muscles were initially evaluated in all children (T1). The children in the 
PCB groups were submitted to rapid maxillary expansion using Hyrax appliance, 
which is constituted of a screw for palatal expansion (split screw, 9 mm, reference 
code 65.05.011; Dental Morelli, Sorocaba, SP, Brazil) solded in a frame work of 
wire bonded to the deciduous canines with light-cured composite (Z100. 3M do 
Brasil Ltda Produtos Dentários; Sumaré, SP, Brazil) and banded to the first upper 
molars with glass ionomer cement (Vidrion C, S.S. White, Rio de Janeiro, RJ, 
Brasil). The appliance was activated by adjusting a screw a quarter turn (0.25mm) 
every 12 hours. When the palatal cusps of the posterior upper teeth were occluding 
the buccal cusps of the lower posterior teeth, the screw was fixated using acrylic 
resin (Jet, Artigos Odontológicos Clássico Ltda, São Paulo, Brazil). The final 
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opening of the screw was about 7 mm. Occlusal radiography was performed to 
confirm the opening of the median palatine suture. The patients wore the fixed 
appliance for four months on average, and occlusal radiography was again 
performed to verify the new bone formation in the median palatine suture. The 
appliance was then removed, and patients wore a removable appliance.  New 
electrical activity evaluation (T2) was made after Hyrax appliance removal, only in 
PCB groups. The mean interval between T1 and T2 was 5.7 months. 
Muscular electrical activity  
Electrical muscle activities were measured with EMG system MCS-V2 
Electromyograph (Sao Paulo/Brazil), consisting of a signal conditioner with a band 
pass filter with cut-off frequencies at 10-500 Hz, an amplifier gain of X 1000 and a 
common mode rejection ratio >120dB. All data were processed using specific 
software for acquisition and analysis (AqData), a converting plate for A/D 12 bits 
signal to convert analog to digital signals with a sampling frequency of anti-aliasing 
2.0Hz for each channel and an input range of 5V. Myoelectric signals were 
captured by four surface active electrodes with two contacts of 10.0 x 1.0 mm with 
a distance of 10.0 mm between them, impedance upwards of 10G_ and a common 
rejection value of 130dB to 60Hz, crafted in silver and fixed in a resin capsule of 
40x20x5 mm. During the experiment, the child sat comfortably, with a straight back 
and head orientated with the Frankfort plane parallel to the floor. Both the skin and 
the electrodes were cleaned with 70 percent ethyl alcohol in order to eliminate any 
grease or pollution residue and to minimize electrode impedance. The skin was 
also shaved when needed. The active differential electrodes were placed on the 
belly of the masseter muscles and on the anterior portion of the right and left 
temporalis muscles, with the larger extension of bars perpendicular to the direction 
of muscle fibers. Positions of the electrodes were determined by palpation, and 
maximum voluntary contraction was performed to guarantee that the muscles were 
accurately located. A reference electrode was put in the right pulse to reduce 
electromagnetic interferences and other acquisition noise.  
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EMG signals were recorded during dental clenching at maximum 
habitual intercuspation for four sec, habitual chewing for 20 sec and unilateral 
chewing for 20 sec in each side. To capture the signals during dental clenching, 
patients maintained the maximal voluntary force with isometric contractions. During 
habitual chewing, the operator just asked the patients to chew sugarless gum 
(Trident, Adams, Bauru, SP, Brazil) without further instructions. The gum was 
chewed during 30 seconds before the first chewing recording to make it soft. To 
record unilateral chewing, the patients were instructed to chew only in right or 
crossbite side, and after in the left or no crossbite side. The muscle activity was 
recorded twice in each condition and EMG value was calculated as the average of 
the two measurements. To reduce the intra- and inter-subjects variability, the 
normalization of EMG potentials was calculated for the RMS (Root Mean Square, 
unit of µV) values by converting absolute (liable to constitutional interferences) into 
relative values (Van der Bilt et al.,1995; Ferrario et al.,1999; De Rossi et al., 2009). 
This way, EMG values during chewing were expressed in a percentage of maximal 
voluntary contraction, unit of (µV/ µV) X100 (Van der Bilt et al.,1995; De Rossi et 
al. 2009). In all procedures, the capture of EMG signals was care out as 
recommend by European Recommendations for Surface Electromyography 
(Hermens et al., 1999).  
Statistical analysis  
Statistical analysis was made with the statistical package SPSS 12.0 for 
Windows (SPSS Inc.; Chicago, IL, USA) and the Shapiro-Wilks test was used to 
verify data normality. The EMG values were compared intra- group (between sides 
and between the two evaluated periods) and inter- group (between control group, 
unilateral and bilateral PCB at T1 and T2). The significance level was set at 
p<0.05. 
Intra- group comparisons were carried out by considering the right and 
left sides for the control and bilateral PCB groups, and the normal and crossbite 
sides were considered for the unilateral PCB group. Paired t-tests or Wilcoxon, as 
appropriated, were used for these comparisons. Inter- group comparisons were 
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performed between the crossbite side in the unilateral PCB group and the right 
side in the bilateral PCB and control groups. The no crossbite side in the unilateral 
PCB group was compared with the left side in the bilateral PCB and control groups. 
Analysis of variance (ANOVA) and the Tukey’s post hoc test or Kruskal Wallis and 
Dun’s post hoc test, as appropriated, were used for these comparisons. 
 
RESULTS 
No one child related any discomfort or pain, and no dental, mucosal or 
periodontal damage was found during Hyrax appliance use. The posterior crossbite 
treatment was successfully obtained and maintained in all cases. The mandibular 
shift, present in the unilateral PCB group before treatment, was absent at T2. 
Descriptive statistics of EMG values of masseter and temporalis muscles at T1 and 
T2 are found in Table. 
Intra- group comparisons  
Between sides comparison: During habitual chewing, there were no 
differences between sides in all groups at T1 and T2. During unilateral chewing, 
the EMG activity of the masseter and temporalis muscles on the working side was 
higher than in the balancing muscles in the control and bilateral PCB groups, at T1 
and T2, and in the unilateral PCB group at T2. At T1 in the unilateral PCB group, 
only the masseter activity of the working side was higher than the balancing 
muscle during chewing in the crossbite side. 
Between intervals comparison -There were no statistically significant 
EMG differences in bilateral PCB. In the unilateral PCB group, the EMG activities 
of both the temporalis, during habitual and unilateral chewing, and masseter of the 
non-crossbite side, during unilateral chewing, were statistically smaller at T2 than 
at T1 (p<0.05).  
Inter- group comparisons 
During unilateral chewing in right/no- crossbite side at T1, both 
temporalis muscles of the unilateral PCB group were significantly more active than 
in the bilateral PCB group (p<0.05). In habitual and unilateral chewing in right side 
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at T2, the left temporalis muscle of the control group was significantly more active 
than the respective one in the bilateral PCB group. During unilateral chewing in the 
left/no crossbite side at T2, the left temporalis muscle of the control group was 
significantly more active than the respective muscles of the unilateral and bilateral 
PCB group (p<0.01).  
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Table. EMG activity (RMS normalized values) of the control, unilateral and bilateral posterior crossbite groups before (T1) and after (T2) treatment. Values 
(mean ± standard deviation) obtained from the masseter and anterior temporalis muscle during habitual and unilateral chewing 
Condition/
muscle 
Control group n=24 Unilateral posterior crossbite group n=17 Bilateral posterior crossbite group n=11 
 T1 T2 T1 T2 
Right side Left side Crossbite 
side 
No crossbite Crossbite 
side 
No crossbite  Right side Left side Right side Left side 
Habitual chewing 
Masseter 45.68±22.94 47.13±24.93 40.37±20.24 41.42±14.16 35.32±15.09 36.75±14.67 42.55±16.32 35.70±13.86 36.19±21.70 45.31±33.58 
Temporalis 42.22±16.26 44.57±15.60 a 49.19±18.88 A 51.11±31.29 A 36.57±11.54 B 35.35±10.56 B 36.54±11.55 33.10±10.98 30.22±13.34 28.19±10.62 b 
Chewing in right/crossbite side   
Masseter 49.74±21.15* 33.90±17.64* 46.60±24.02* 33.78±19.57* A 40.68±17.33* 21.22±12.58* B 39.62±15.63* 23.97±9.93* 41.43±19.57* 26.09±19.2* 
Temporalis 44.90±13.39* 37.50±16.99* a 59.47±35.82 A c 55.38±41.36 A c 40.51±14.05* B 28.78±15.06* B 33.73±12.36* d 25.11±11.17* d 35.32±13.24* 22.26±6.4* b 
Chewing in left/no crossbite side  
Masseter 31.84±18.22* 51.48±25.26* 31.01±17.70 56.15±39.18 A 22.13±9.41* 41.06±15.15* B 21.78±9.40* 44.57±19.22* 24.82±15.55* 46.96±27.84* 
Temporalis 33.84±13.73* 46.78±13.75* a 55.45±38.91 A 62.78±55.46 A 28.78±9.81* B 35.30±10.42* B b 28.81±10.93* 37.76±14.48* 26.68±13.05* 33.62±9.11* b 
*(p <0.05 Wilcoxon or Paired t test) – between sides comparison 
Different superscript capital letters mean statistical differences between T1 and T2 in each group (p <0.05, Wilcoxon or Paired t test)  
Different superscript small letters mean statistical inter-group differences in each time (p <0.05, Kruskal Wallis/Dunn or ANOVA/Tukey test) ab; cd                                                                                                                             
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DISCUSSION 
Muscular activity is directly related to masticatory function (Orchardson 
& Cadden, 1998), craniofacial growth (Kiliaridis, 1995), maintenance of dental arcs 
and occlusal stability. Therefore, early diagnoses of occlusal and muscular 
alterations are essential to allow adequate interventions and maintenance of the 
integrity of the stomatognathic system, especially in cases of posterior crossbite, 
which does not spontaneously correct. Taking into account special methodological 
recommendations (Hermens et al., 1999), the surface EMG is a method of 
detecting and registering electrical activity of muscle fibers that appears to be able 
to deliver additional information for diagnosis and therapy (Hugger et al., 2008), as 
performed in the present study.  
During habitual chewing in control group and in unilateral and bilateral 
PCB groups, at T1 and T2, we did not find differences between sides. Ingervall & 
Thilander (1975) verified asymmetry in temporalis muscles of children with 
posterior crossbite. Those authors (Ingervall & Thilander, 1975) used a different 
sample selection and experimental design and included the posterior temporalis 
muscle, so their results are not totally comparable with our results. Our results are 
in agreement with previous results (Alarcón et al., 2000) and could mean that 
during habitual chewing there was a symmetric function of the masseter and 
anterior temporalis muscles, and therefore chewing was bilateral. The absence of a 
relationship between the side of the crossbite and the masticatory preference side 
was also related by Salioni et al. (2005). The present outcomes suggest that, 
despite the presence of malocclusion, children with unilateral or bilateral PCB 
could have achieved a certain degree of functional adaptation, allowing a bilateral 
chewing pattern. The masticatory function during growth has a biological impact on 
the growing structures, and a unilateral mastication might lead to asymmetric 
anatomical structures (bones, temporomandibular joint, muscles, and teeth) upon 
completion of growth (Planas, 1997). A normality pattern of bilateral chewing was 
maintained after PCB treatment, which is an important finding to promote stability 
of orthodontic and orthopedic treatments (Simões, 1998).  
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Temporalis EMG activity of the unilateral PCB group showed a 
statistically significant decrease after treatment, during habitual and unilateral 
chewing. The no-crossbite side masseter of the unilateral PCB group also showed 
a significant reduction in EMG activity during unilateral chewing. The mandibular 
shift present in the unilateral PCB group before treatment was absent after 
treatment and, consequently, the temporalis function of positioning the mandible 
correctly in order to reach a higher occlusal stability was reduced, justifying the 
statistical differences found especially in the temporalis. In conflict with our results, 
Arat et al. (2008) did not find differences in EMG activity of the masseter and 
anterior temporalis during unilateral chewing after three months when the rapid 
maxillary expansion was performed in unilateral and bilateral PCB patients. These 
differences may be occurred because of the sample of those authors (Arat et al., 
2008) did not present mandibular shift. On the other hand, De Rossi et al. (2009) 
showed an increase in EMG activity of masticatory muscles (during habitual 
chewing) after rapid maxillary expansion, an opposite result that may be explained 
by the acrylic occlusal coverage in the expansion appliance used in that study.  
Our results showed EMG differences between the unilateral and 
bilateral PCB groups before treatment and between the control, bilateral and 
unilateral PCB groups after treatment. Thus, we believe that the inter-group 
differences found were not related to PCB or mandibular deviation, and they 
occurred because there are considerable variations among individuals in 
masticatory pattern, and indeed masticatory pattern seems to be fairly 
characteristic of each individual (Keeling et al., 1991).  In addition to a peripheral 
level of control, which includes the occlusion, masticatory function is also under the 
control of the central pattern generator located in the brain stem and may be 
influenced by individual factors, such as genetic and learning experiences (Ono et 
al., 1992; Van der Bilt et al., 1995). Some EMG inter- group differences were also 
found by other authors, between unilateral and bilateral PCB patients (Arat et al., 
2008) and between unilateral PCB and normocclusion patients (Ingervall & 
Thilander, 1975; Alarcón et al., 2000), during chewing.  
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Chewing requires muscle activity both for jaw movements and for the 
exertion of force to cut or grind food. A small part of the muscle activity is needed 
just for the basic rhythmic movements of the jaw, and much more additional 
muscle activity is require to overcome the resistance of food (Van der Bilt et al., 
1995). Thus, during unilateral chewing, a higher level of EMG activity is expected 
of the working side than of the balancing side, as found in the control group of this 
study. The bilateral PCB group also showed the expected pattern of EMG activity 
during unilateral chewing and maintained it after treatment. In contrast, except for 
the masseter during chewing in the crossbite side, the muscles of the working side 
in the unilateral PCB group did not present significantly higher EMG activities than 
the balancing muscles. These abnormal muscular activities found before treatment 
may adapt to the previous functional shift of the mandible in time, also as shown 
previously (Arat et al., 2008). We believe that the muscles of the balancing side 
were as active as the working muscles, especially during chewing in the crossbite 
side, because they were required to stabilize the mandible in unilateral PCB 
patients. After unilateral PCB treatment, a masticatory normality pattern was 
established during unilateral chewing, in which the masticatory muscles presented 
significantly higher EMG values in the chewing side than in the opposite side. 
Changes in occlusion and mandibular position during PCB treatment in 
primary and mixed dentition are maintained in the permanent dentition (Mauck & 
Tränkmann, 1998; Bartzela & Jonas, 2007), serving as a basis for physiological 
development of the dentition and craniofacial growth. In addition to electrical 
activity in muscle debated in the present study, other functional and morphological 
alterations have been potentially related to posterior crossbite, such as reduced 
masticatory efficiency (Gavião et al., 2001), smaller bite force (Sonnesen et al. 
2001; Castelo et al., 2007), asymmetrical condyles (Kiki et al., 2007), and 
symptoms and signs of temporamandibular disorders (Sonnesen et al., 1998), 
leading us to agree with other authors (Gavião et al., 2001; Kecic et al., 2007) 
about the importance of early attention to malocclusion, focusing on the normal 
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development of the stomatognathic system in both morphological and functional 
aspects.  
 
CONCLUSIONS 
 Considering the specific conditions of this study, it can be concluded that: 
1- The unilateral and bilateral PCB children presented symmetric muscular 
activity during habitual chewing and maintained it after treatment. 
2- During unilateral chewing before treatment, the unilateral PCB children did 
not present a normal pattern of muscular activity. However, after treatment 
normality in muscular activity was established. 
3- The PCB treatment decreased the EMG activity of unilateral PCB children 
but not of the bilateral PCB children.  
4- Different muscular electrical activities between subjects appear not to be 
related to PCB or mandible deviation. 
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ABSTRACT: The aim of this study was to evaluate if there are vertical and sagittal 
skeletal differences between the use of the banded and bonded rapid maxillary 
expansion (RME) appliance. The sample consisted of two groups of 26 children, 
aged 6 to 10 years, diagnosed with posterior skeletal crossbite requiring RME 
treatment. One group was treated with banded appliance (Hyrax group) and the 
other with bonded acrylic-splint RME appliance (bonded group). After maxillary 
expansion, the fixed appliances were used for four months, being replaced by a 
removable appliance later. The cephalometric study was performed in lateral 
radiographies, done before treatment was started (T1) and after a retention period 
of at least 10 months (T2). Intra-group comparison was made using paired t test. 
The percentage of skeletal changes at T2 in relation to T1, and the mean 
differences between measurements at T1 and T2 were compared inter- group 
using independent-sample t-tests. The results showed that the vertical and sagittal 
skeletal effects of RME were similar with banded and bonded appliances.  
 
Key words: Palatal expansion technique; Cephalometry  
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INTRODUCTION 
When maxillary atresia is diagnosed in children, rapid maxillary 
expansion (RME) is the indicated treatment. This involves the use of fixed maxillary 
expansion appliances in order to increase the maxillary width and the dental arc 
perimeter by separating the midpalatal suture (Silva Filho et al., 1991; Marini et al., 
2007; Ballanti et al., 2009). Angell reported the first case of RME in 1860. After 
Haas’ studies (1961, 1965), several appliances have been suggested for the 
separation of the hemi-maxillas, with modifications in the type of material and 
anchoring (Haas, 1961; Biederman, 1968; McNamara & Brudon, 1995). Currently, 
the Haas (Haas, 1961), the Hyrax (Biederman, 1968) and the bonded rapid 
maxillary expansion (BRMEA) (McNamara & Brudon, 1995) appliances are the 
best-known and most widely used appliances (De Rossi et al., 2009; De Felippe et 
al., 2009; Gurel et al., 2010). Haas and Hyrax type appliances are banded to 
posterior teeth and the BRMEA is bonded to posterior teeth by a full acrylic surface 
coverage that encloses all occlusal surfaces.  
Despite the fact that the principal goal of RME is the achievement of 
orthopedic effects by increasing the transversal dimension, orthodontic effects of 
tipping and extruding the posterior teeth and alveolar structures are also achieved 
(Silva Filho et al., 1991; Chung & Font, 2004; Kiliç et al., 2008; Ramoglu & Sari, 
2009). Additionally, maxillary skeletal effects have also been found, such as inferior 
and anterior or posterior dislocation after RME (Sarver & Johston, 1989; Asanza et 
al., 1997; Gautam et al., 2007). These side effects of expansion therapy may result 
in a downward and backward rotation of the mandible, open bite and increased 
vertical dimension of the face (Hass, 1961, 1965; Wertz, 1970; Silva Filho et al., 
1991; Asanza et al., 1997; Akkaya et al., 1999; Basciftci & Karaman, 2002; Chung 
& Font, 2004). 
Some authors (McNamara & Brudon, 1995; Sarver & Jhonston, 1989; 
Asanza et al., 1997) consider that, different front the banded appliances, the 
encapsulated posterior teeth in the bonded RME appliance may control the RME 
secondary effects and favor the treatment of patients with vertical and anterior 
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growth patterns. These authors (McNamara & Brudon, 1995; Sarver & Jhonston, 
1989; Asanza et al., 1997) believe in the possible intrusion of the posterior inferior 
teeth, inhibition of the alveolar growth and eruption of the posterior teeth, lower 
axial inclination and extrusion of the encapsulated teeth as compared with the 
banded appliances. However, there is not sufficient evidence to support differences 
or advantages in bonded or banded RME appliance use, regarding its vertical and 
sagittal skeletal side effects (De Rossi et al., 2008).  
Given this background, the purpose of this research was to evaluate if 
there are skeletal differences between the use of the banded and bonded RME 
appliance in a follow-up of at least ten months after expansion. The aim of the 
study is to provide useful data to help clinicians decide which appliance to use in 
treatment of their patients. 
 
MATERIAL AND METHODS 
Sample Selection 
A longitudinal study design was used with subjects recruited in a 
convenient sample. Sixty one children were initially selected and the final sample 
was composed by 52 children, whose were presenting maxillary constriction and 
posterior crossbite with indication for RME. Nine children were excluded due to 
uncooperative behavior in relation to experiment tasks. Twenty six children were 
patients from Ribeirão Preto Dental School, University of São Paulo (FORP-USP) 
and were submitted to RME using the bonded appliance (bonded group). Twenty 
six children were patients from Piracicaba Dental School, University of Campinas 
(FOP-UNICAMP) and were submitted to RME using the modified Hyrax appliance 
(Hyrax group). This research was approved by the Research Ethical Committee of 
both Universities (FOP-UNICAMP; protocol #023/2006 and FORP-USP, protocol 
#2003.1.1067.58.8).  
The sample selection was made by the same examiner. The inclusion 
and exclusion criteria were the same for both groups. Children were included in the 
sample if they had PCB associated with maxillary constriction in mixed dentition 
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stage; presence of all posterior teeth without anomalies and alteration of form, 
structure, or number; presence of the four first permanent molars in occlusion; and 
good oral hygiene. The maxillary constriction was determined by the presence of 
high palatal vault, triangular shape of the upper dental arch and PCB. Children 
were excluded if they had PCB resulting from dental inclination; clinical signs or 
symptoms of TMDs; genetic or congenital abnormalities; systemic diseases 
negatively affecting the craniofacial growth; previous or current orthodontic 
treatment, extensive restorations, cast restorations or cuspal coverage, pathologic 
periodontal condition, or missing teeth. Complete orthodontic documentation 
(lateral cephalometric radiographs, study models, extraoral front and profile 
photographs, and intraoral photographs) was obtained for diagnosis and planning 
of the orthodontic treatment. All children had indication to RME and presented 
molar relationship either Angle Class I or Class II.  
Rapid maxillary expansion 
In bonded group, the RME was performed with the acrylic bonded maxillary 
expansion appliance, manufactured with clear acrylic resin covering the posterior 
teeth (Jet; Artigos Odontológicos Clássico Ltda, São Paulo, SP, Brazil) and a 
screw for palatal expansion (split screw, 9 mm, reference code 65.05.011; Dental 
Morelli, Sorocaba, SP, Brazil) (Figure 1). The appliance was fixed with a resinous 
dual-cure adhesive cement (Rely X: 3M do Brasil Ltda Produtos Dentários; 
Sumaré, SP, Brazil). The children of the other group used a modified Hyrax RME 
appliance, composed of a screw for palatal expansion (split screw, 9 mm, 
reference code 65.05.011; Dental Morelli, Sorocaba, SP, Brazil) solded in a frame 
work of wire bonded to the deciduous canines with light-cured composite (Z100. 
3M do Brasil Ltda Produtos Dentários; Sumaré, SP, Brazil) and banded to the first 
upper molars with glass ionomer cement (Vidrion C, S.S. White, Rio de Janeiro, 
RJ, Brasil) (Figure 2). The treatment protocol used was the same for both groups. 
One week after the appliance had been set up, the children’s parents or guardians 
were instructed to perform activations by turning the screw a one-quarter turn, 
every 12 hours (De Rossi et al., 2009). When the palatal cusps of posterior upper 
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teeth were occluding with buccal cusps of lower posterior teeth, the screw was 
fixated using acrylic resin (Jet: Artigos Odontológicos Clássico Ltda; São Paulo, 
SP, Brazil). In both groups, the final opening of the screw was about 7 mm. Before 
treatment an occlusal radiography was taking and at the end of the activations a 
new occlusal radiography was performed to confirm the opening of the median 
palatine suture. The patients remained with the appliance as a fixed retention for a 
period of four months. A new occlusal radiography was performed to verify the new 
bone formation in the median palatine suture, and then the appliance was 
removed. Afterwards, the patients went on to use a removable retention with a 
simple palatal plate with posterior clasps bilaterally. The plate was worn full time for 
a period of at least six months to prevent skeletal and dentoalveolar relapse 
(Ballanti et al., 2009). 
 
Cephalometry 
Lateral cephalometric radiographs were performed in all patients before 
treatment (T1) and after a retention period of at least ten months (T2). The gender, 
average age at T1 and the mean treatment intervals for the two groups are 
summarized in table 1. 
 
 
 
Figure 1- Bonded rapid maxillary appliance  
 
Figure 2- Modified Hyrax appliance  
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Table1. Demography of treatment times 
Treatment 
group 
 T1  T2-T1 
Gender Age (years) Months 
Girls Boys Mean±SD Range Mean±SD 
Hyrax 
(n=26) 
13 13 8.6±1.15 6.9 - 10.5 11.9 1.11 
Bonded 
(n=26) 
14 12 8.7±1.20 6.9 - 10.9 12.2 2.06 
 
The cephalometric radiographs were standardized (Broadbent, 1931), 
and the cephalometric outlines were performed manually by the same examiner. 
The measurement fractions were approximated as whole numbers, or for every 0.5 
degrees (°) or 0.5 millimeters (mm). The following cephalometric measurements 
were used for the analysis of the sagittal behavior of the apical bases (Figure 3): 
SNA angle, SNB angle, and ANB angle. The following cephalometric 
measurements were used for the analysis of the vertical behavior of the apical 
bases (Figures 3 and 4): PP.GoGn angle, SN.GoGn angle, FMA angle, SN.Gn 
angle, BaN.PtGn angle, N- ANS, ANS–Me, N-Me, S-Go, S-S1 and S-Go/N-Me 
×100. 
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Figure 3- Cepholometric tracing illustrating angular 
cephalometric variables: (1) SNA angle; (2) SNB angle; (3) 
ANB angle; (4) PP.GoGn angle; (5) SN.GoGn angle; (6) FMA 
angle; (7) SN.Gn angle; (8) BaN.PtGn angle 
Figure 4- Cepholometric tracing illustrating linear 
cephalometric variables: (9) N-ANS; (10) ANS-Me; (11) N-Me; 
(12) S-Go; (13) S-S1 
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STATISTICAL AND DATA ANALYSIS 
Descriptive statistics (means and standard deviations) were obtained for 
the skeletal measures at T1 and T2 and for the changes between times (T2-T1), in 
each group. As the groups had differences in some measurements at baseline 
(table II), the skeletal changes after treatment were also expressed as percentages 
relative to the initial measurements (T1). The formula implemented in this analysis 
was: [(T2-T1)/T1] X100. The statistical analysis was made using the SPSS 
software v. 12.0 (SPSS Inc.; Chicago, IL, USA). Shapiro-Wilks test showed that all 
dates presented normal distribution. Paired t test and independent-sample t-test 
were used to intra- and inter-group comparisons, respectively. The differences 
were considered statistically significant for p < 0.05.  
Fifteen radiographies from randomly selected different patients were re-
traced, to obtain the method error, after a minimal interval of three months. 
Dahlberg’s formula (Houston, 1983) was applied to estimate the order of 
magnitude of the errors. No one variable showed an error greater than 1.0 mm or 
1.35º.  
RESULTS  
The posterior crossbite treatment was successfully obtained and 
maintained in all cases. Additional to the occlusal radiograph, the opening of 
median palatine suture during was also confirmed by clinical evidence of diastema 
between the upper central incisors, which relapse during retention period. No one 
child related any discomfort or pain, and no dental, mucosal or periodontal damage 
was found during Hyrax or bonded appliance use. After expansion, the posterior 
teeth presented an overcorrection about one or two millimeters. During the use of 
removal retention the overcorrection decreased, and at T2 the palatal cusps of 
posterior upper teeth were occluding in central pit of lower teeth.  
Means and standard deviations of cephalometric measurements at T1 
and T2 in the Hyrax and bonded groups and the results of statistical analyses are 
presented in Table 2. The inter-group comparison at baseline showed that the 
Hyrax group initially had greater SNA and BaN.PtGn angles and S-S1 linear 
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measurements than the bonded group. No other statistically significant differences 
were found between groups. The intra-group comparison showed that the skeletal 
differences after treatment were equal in both groups: the S-S1, N-ANS, S-Go, 
ANS-Me and N-Me linear measures increased. 
Table 2. Mean  standard deviation of cephalometric measures at T1 and T2, and 
skeletal differences between Hyrax and bonded groups at baseline 
Cefalometric 
measures 
Hyrax (n=26) Bonded (n=26) 
Difference 
(Hyrax-Bonded) 
T1 
T1 T2 T1 T2 
 Mean SD Mean SD Mean SD Mean SD 
Sagittal      
SNA (°) 83.023.36 83.763.48 80.424.54 79.963.93 2.59 † 
SNB (°) 78.522.91 78.753.27 76.884.99 76.734.71 1.63 
ANB (°) 4.501.94 4.691.87 3.542.44 3.232.86 0.96 
Vertical      
SN.GoGn (°) 36.253.79 36.053.35 37.405.82 37.592.92 -1.15 
FMA (°) 30.333.59 30.073.94 30.965.01 30.785.49 -0.78 
PP.GoGn (°) 29.303.43 29.762.98 29.374.65 29.095.00 0.76 
SN.Gn (°) 68.292.94 68.022.71 69.254.77 69.784.56 -0.96 
BaN.PtGn (°) 87.233.68 87.192.73 85.113.74    84.863.95 2.11 †† 
S-S1(mm) 40.062.41 41.163.03** 36.753.02 37.552.92** 3.30 †† 
N-ANS (mm) 46.532.73 47.042.53** 45.762.95  47.324.01* 0.76 
S-Go (mm) 66.254.03 67.483.88** 64.545.12  66.035.69* 1.71 
ANS-Me (mm) 63.194.23 63.804.27* 63.194.25 63.784.62** 0.00 
N-Me (mm) 108.455.80 110.515.94* 106.435.05 109,076.73* 2.03 
S-Go/N-Me (%) 61.112.69 61.112.93 60.724.91 60.574.20 0.39 
    Paired t test – between intervals comparison   *p<0.05  ** p<0.01 
    Independent-sample t test- comparison of anatomic forms at baseline   † p<0.05 †† p<0.01 
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The values of skeletal changes (T2-T1) in Hyrax and bonded groups 
and the results of statistical analyses are found in table 3. These values, expressed 
as percentages of the initial ones, with the respective results of statistical analyses 
are found in table 4. The results using the absolute (Table 3) or relative values 
(Table 4) were equivalent. In the sagittal plane, only the increase in SNA angle in 
the Hyrax group showed a significant statistical difference compared with the  
decrease in SNA angle in the bonded group (p<0.01). In the vertical plane, the 
changes in the banded and bonded groups were no statistical significant 
differences (p>0.05).  
 
Table 3. Comparison of treatment changes (T2-T1) in Hyrax and bonded group 
using absolute values in degree (°) or millimeter (mm)  
  ** p<0.01 
   NS, Not significant 
Cefalometric 
measures 
Hyrax (n=26)  Bonded (n=26) Difference 
(Hyrax-bonded) p-value Mean SD Mean SD 
Sagittal     
SNA (°) 0.810.71 -0.461.74 1.26 ** 
SNB (°) 0.620.91 -0.151.61 0.76 NS 
ANB (°) 0.190.68 -0.311.26 0.50 NS 
Vertical     
SN.GoGn (°) -0.191.76 0.192.01 -0.38 NS 
FMA (°) -0.252.46 -0.251.65 0.00 NS 
PP.GoGn (°) -0.131.80 -0.272.27 0.13 NS 
SN.Gn (°) -0.271.32 0.541.63 -0.80 NS 
BaN.PtGn (°) -0.041.44 -0.251.88 0.21 NS 
S-S1 (mm) 1.101.10 0.801.69 0.28 NS 
N-ANS (mm) 0.870.96 1.561.86 -0.69 NS 
S-Go (mm) 1.231.94 1.502.35 -0.26 NS 
ANS-Me (mm) 0.621.40 0.601.40 0.01 NS 
N-Me (mm) 2.063.14 2.653.19 -0.59 NS 
S-Go/N-Me (%) 0.012.49 -0.142.15 0.13 NS 
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Table 4. Comparison of treatment changes (T2-T1) in Hyrax and bonded group 
using percentage values [(T2-T1)/T1] X100 
   ** p<0.01 
    NS, Not significant 
 
 
DISCUSSION 
Rapid maxillary expansion constitutes a routine clinical procedure in 
orthodontics, in order to normalize the constricted maxillary arch and thus to 
correct posterior crossbite, as performed in the present study. Although some 
previous studies have evaluated the vertical and sagittal skeletal differences 
between banded and bonded RME appliance use (Sarver & Jhonston, 1989; 
Asanza et al., 1997; Reed et al., 1999), no one has analyzed the long-term effects 
of this therapy alone. In some of the studies (Sarver & Jhonston, 1989; Asanza et 
al., 1997), the evaluated period was limited to a three- month retention period after 
Cefalometric 
measures 
Hyrax (n=26)  Bonded (n=26) Difference 
(Hyrax-bonded) p-value Mean SD Mean SD 
Sagittal     
SNA  0.980.87 -0.512.10 1.49 ** 
SNB  0.781.15 0.031.86 0.75 NS 
ANB 5.3018.18 -11.4027.17 16.69 NS 
Vertical     
SN.GoGn  -0.414.81 0.555.81 -1.29 NS 
FMA  -0.687.72 -1.464.32 0.78 NS 
PP.GoGn  -0.265.94 -1.067.16 0.80 NS 
SN.Gn  -0.181.79 0.602.00 -0.78 NS 
BaN.PtGn  0.021.65 -0.152.05 0.16 NS 
S-S1 2.452.69 2.024.47 0.42 NS 
N-ANS  1.912.13 3.014.08 -1.09 NS 
S-Go  1.922.97 2.193.54 -0.27 NS 
ANS-Me  1.02.28 0.742.16 0.26 NS 
N-Me  1.943.06 2.182.92 -0.23 NS 
S-Go/N-Me (%)) 0.154.06 0.063.45 0.09 NS 
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expansion. As skeletal and dentoalveolar relapse are expected after RME (Marini 
et al, 2007), the overcorrection and retention period of at least six months are 
important (Ballanti et al., 2009). Despite a previous study that had compared the 
long term results of bonded and banded RME appliance use (Reed et al., 1999), 
the data cannot be considered as a reflection of the effects of RME alone, but of 
the entire orthodontic treatment, which also included Edgewise therapy. Thus, this 
study was performed to analyze whether there are skeletal differences between the 
banded and bonded RME appliance use in a follow-up of at least ten months after 
expansion. 
The comparison of treatment changes (Tables 3 and 4) showed that the 
maxilla was displaced forward in the Hyrax group and backward in the bonded 
group, with regard to changes in SNA angle. However, the intra-group comparison 
showed that the sagittal maxillary displacements were not statistically significant, in 
both groups (table 2). The forward displacement of the maxilla with banded RME 
(Haas, 1961, 1965; Chung & Font, 2004) and backward maxillary displacement 
with bonded RME (Asanza et al., 1997; Sarver & Jhonston, 1989) were found in 
previous studies. The maxillary anterior displacement is a predictable result 
explained by growth, and the opposite displacement may have been influenced by 
the lingual tipping of the upper incisor (Asanza et al., 1997) or maxillary rotation 
effect on the positioning of A point (Silva Filho et al., 1991).  
Sarver & Jhonston (1989) and Asanza et al. (1997) verified that the 
anterior displacement of the maxilla was greater with the use of a banded 
appliance. Further, despite the fact that the differences were not statistically 
significant (Asanza et al., 1997) the authors of both studies suggested the 
utilization of the bonded maxillary expansion appliances to restrict the anterior 
movement of the maxilla. However, it should be noted that the differences in 
maxillary sagittal movement found by those authors were small (lower than 1°). 
Our results did not shown intra-group significant differences and the inter-group 
differences found (1.26°) - the maxillary forward displacement in the banded group 
(0.81°) and the maxillary backward displacement in the bonded group (-0.46°) - 
55 
 
were also small, which led us to believe that both appliances can be used without 
the possibility of any clinically significant sagittal effects.  
The increase of S-S1, N-ANS, S-Go, ANS-Me and N-Me linear 
measures occurred independent of the type of RME appliance used, throughout 
the studied period (Table 2). In view of the absence of alterations in the related 
measurements, regarding the facial standard (SN.GoGn, FMA, SN.Gn, BaN.PtGn 
and S-Go/N-Me), it can be considered that the RME performed with the banded or 
bonded maxillary expansion appliance does not cause vertical alteration damages. 
These findings are corroborated by the results of other studies that also evaluated 
in a large follow-up group the vertical effects associated with the RME (Chang et 
al., 1997; Reed at al., 1999; Garib et al., 2007), although in those cases the RME 
was followed by other orthodontic therapy. 
Considering the changes in S-S1, N-ANS linear measurements and 
PP.GoGn angle, it seems evident that vertical maxillary displacement was similar 
in the Hyrax and bonded group throughout the study period (Table 3 and 4). This 
finding differs from that of Sarver & Jhonston (1989) and Asanza et al. (1997), who 
also evaluated the differences between bonded and banded RME appliances.  
They verified that the inferior displacement of the maxilla in the posterior portion 
was lower with the use of the bonded than the banded maxillary expansion 
appliance, as a result of interocclusal acrylic intrusive force to the basal bone of the 
maxilla. The contradictory data may be due to the difference in evaluated intervals. 
Our evaluated period was at least ten months after expansion, and the period of 
evaluation of the previous studies (Sarver & Jhonston,1989; Asanza et al., 1997) 
was only three months after expansion. During the retention period the relapse of 
skeletal and dental alteration is expected to occur (Chang et al., 1997; Garib et al., 
2007). 
The nonexistence of inter-group differences in maxillary vertical 
displacement, in addition to the absence of PCB overcorrection at T2, explain the 
lack of sagittal and vertical mandibular differences between groups, verified by the 
equal changes in SNB, FMA, SN.Gn and Ban.PtGn angles; ANS-Me and N-Me 
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linear measures; and S-Go/N-Me proportion. This is because the inferior 
displacement of the maxilla and the overcorrection might have promoted a 
downward and backward rotation of the mandible, increasing the vertical 
dimension of the face (Haas, 1961, 1965; Wertz, 1970; Silva Filho et al., 1991; 
Asanza et al., 1997; Akkaya et al., 1999; Basciftci & Karaman, 2002; Chung & 
Font, 2004). In the present study, in view of the absence of intergroup skeletal 
differences in the long term, it can be said that the RME performed with the bonded 
or banded maxillary expansion appliance cause similar vertical alterations. A 
higher mandibular plane inclination in the banded than in the bonded group might 
be an indicator of bonded appliance efficiency in the control vertical alterations 
during RME (Sarver & Jhonston, 1989; Asanza et al., 1997).  
Based in the results obtained, according to the study conditions and 
described methodology, both the Hyrax and banded appliance is show to be an 
option for the correction of the maxillary constriction, regardless of the patient’s 
vertical or sagittal problems. The decision about the type of RME appliance to be 
used in each patient is a professional choice and depends of familiarity and 
experience of each one.   
 
CONCLUSIONS 
Considering the specific conditions of this study, it can be concluded 
that the vertical and sagittal skeletal effects of RME with the use of the bonded or 
banded appliances were similar. 
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DISCUSSÃO GERAL 
Na presente tese foi realizada uma análise morfológica e funcional dos 
músculos masseter e temporal anterior de crianças portadoras de MCP unilateral e 
bilateral, com a finalidade de ampliar o conhecimento sobre os aspectos 
musculares associados a essas maloclusões. Os efeitos esqueléticos e 
musculares da ERM, realizada para correção da MCP, também foram estudados. 
Os resultados obtidos fornecem dados que contribuem para o estudo integral do 
sistema estomatognático, fundamental para o alcance do estado de saúde plena 
almejado pela atual odontologia holística. 
Foram encontradas diferenças entre a atividade EMG do grupo MCP 
unilateral e bilateral, antes e após o tratamento, e entre os grupos controle e MCP 
unilateral e bilateral após o tratamento (artigos 1 e 2). Tais achados sugerem que 
as diferenças entre os grupos não ocorreram devido à presença da MCP ou do 
desvio mandibular.  
Os dados de EMG e US apresentaram correlação positiva apenas 
durante o apertamento dentário no grupo controle. A ausência de correlação 
positiva nos demais grupos e condições avaliadas pode ter ocorrido devido a 
características metodológicas. Embora a localização dos músculos tenha sido feita 
de maneira semelhante durante a EMG e US, não é possível assegurar que a 
espessura muscular medida correspondeu exatamente ao mesmo número de 
fibras musculares avaliadas durante a EMG. Assim, embora tenham sido 
encontradas diferenças EMG entre os grupos, o mesmo não ocorreu com a 
espessura muscular. Crianças com MCP, unilateral ou bilateral, apresentaram os 
músculos masseteres e temporais anteriores com espessuras semelhantes às de 
crianças com normoclusão, antes e após o tratamento. Tal constatação sugere 
que a MCP, e ou a presença de desvio mandibular, não modificam a composição 
e o tamanho das fibras musculares (Kiliaridis et al., 1988).  
Assimetrias na espessura e na atividade EMG dos músculos estudados 
foram encontradas em pacientes com MCP, associada ou não ao desvio 
mandibular, antes e após o tratamento da maloclusão; bem como em pacientes 
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apresentando normoclusão (artigo 1 e 2). Resultados semelhantes também foram 
encontrados por outros autores (Ferrario et al., 1999; Alarcón et al, 2000; Andrade 
et al., 2009). Verifica-se assim, que pequenas diferenças na espessura e na 
atividade EMG dos músculos, do mesmo paciente, podem ser consideradas 
normais e ocorre independente da presença da MCP ou do desvio funcional da 
mandíbula. 
Após o tratamento da maloclusão, a espessura dos músculos 
masseteres, durante o repouso, diminuiu em pacientes que apresentavam MCP 
unilateral (artigo 1). Porém, a diferença foi pequena (menor que 0.25mm) e similar 
ao erro de método calculado (0.35mm). Durante o repouso os músculos estão 
mais susceptíveis a compressão do transdutor, justificando o maior erro de 
método nessa condição (Kiliaridis et al., 2003). Nenhuma outra alteração foi 
verificada na espessura dos músculos avaliados, sugerindo que o tratamento da 
MCP (unilateral ou bilateral) tem pouco ou nenhum efeito na espessura muscular, 
no período de tempo avaliado.  
A atividade EMG dos pacientes com MCP bilateral não modificou após o 
tratamento da maloclusão. Porém, o tratamento da MCP unilateral diminuiu a 
atividade EMG da maioria dos músculos avaliados durante a mastigação habitual 
e unilateral. O desvio mandibular, presente no grupo MCP unilateral antes do 
tratamento, desapareceu após a ERM e, consequentemente, a função dos 
músculos temporais de estabilizar a mandíbula também diminuiu, justificando as 
diferenças EMG encontradas especialmente nesses músculos. O valor padrão da 
atividade EMG não é conhecido, especialmente em crianças, o que impossibilita 
estabelecer se essa alteração foi benéfica ou não. Por outro lado, se 
considerarmos as diferenças entre os lados, antes e após o tratamento, veremos 
que a correção da MCP unilateral beneficiou a atividade muscular.  
Durante a mastigação unilateral espera-se que os músculos do lado de 
trabalho estejam mais ativos que os do lado de balanceio (Van der Bilt et al., 
1995), assim como verificado no grupo controle (artigo 2). Esse padrão de 
atividade EMG foi verificado nas crianças com MCP bilateral, antes e após o 
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tratamento, sugerindo que a presença da maloclusão (sem o desvio mandibular) 
não altera a mastigação unilateral. As crianças com MCP unilateral apresentaram 
esse padrão de atividade EMG apenas após o tratamento. Sugere-se então, que o 
desvio mandibular altera a atividade EMG durante a mastigação unilateral e o 
tratamento da maloclusão normaliza essa alteração. 
Independente da presença do desvio mandibular, as crianças com MCP 
não apresentaram lado de preferência mastigatória, justificando a simetria da 
atividade EMG durante a mastigação habitual (artigo 2). Após o tratamento da 
maloclusão a simetria foi mantida, o que, segundo Simões (1998), é importante 
para a estabilidade do tratamento. Assim, verificamos que a ERM não trouxe 
qualquer prejuízo muscular às crianças portadoras de MCP, mas por outro lado, 
favoreceu o estabelecimento de mastigação unilateral com características de 
normalidade.  
Os efeitos esqueléticos da ERM, realizada com o disjuntor colado ou 
bandado, foram diferentes apenas no posicionamento sagital da maxila. A maxila 
deslocou-se anteriormente com o uso do disjuntor bandado e posteriormente com 
o uso do disjuntor colado. Contudo, tais alterações não modificaram de maneira 
significante o posicionamento maxilar após a ERM, independente do tipo de 
disjuntor utilizado.  
No processo da pesquisa, inúmeras outras questões instigantes abriram 
oportunidades de novas produções de conhecimento em investigações futuras. Na 
amostra estudada, incluímos crianças que não apresentavam sinais ou sintomas 
de disfunção temporomandibular. As características musculares seriam diferentes 
em uma amostra que apresentasse, por exemplo, sintomatologia muscular 
dolorosa? O tratamento da MCP poderia modificar essas características? As 
crianças estudadas estavam na fase da dentição mista e não havia grandes 
diferenças na musculatura dessas em relação às crianças sem maloclusão. A 
musculatura desses pacientes seria diferente, em idades mais avançadas, caso a 
MCP não fosse corrigida? Outros aspectos funcionais, como a força de mordida e 
eficiência mastigatória, seriam modificados com o tratamento da MCP? 
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Salienta-se, por fim, que nenhum estudo isolado é suficiente para 
sustentar qualquer decisão de diagnóstico ou tratamento. O sucesso no 
atendimento de crianças depende do estudo de diversas áreas do conhecimento 
científico. Os resultados da presente tese, associados aos de outros autores 
(Pirttniemi et al., 1990; Gavião et al., 2001; Pinto et al., 2001; Vanderas et al., 
2002; Kecik et al., 2007), mostra que a MCP pode trazer alguns prejuízos 
anatômicos e funcionais ao sistema estomatognático e salienta a importância do 
tratamento precoce. A ausência de efeitos deletérios musculares e esqueléticos 
associados à ERM, somada aos resultados de outros estudos (Chung & Font, 
2004; Gautam et al., 2007; Ballanti et al., 2009), sugere o sucesso e segurança 
dessa terapia para a correção da MCP esquelética em crianças.  
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CONCLUSÕES GERAIS 
 Considerando-se as condições específicas dos três artigos, podemos 
concluir que:  
 
 Assimetrias na espessura muscular e na atividade EMG ocorreram em 
crianças com e sem MCP, antes e após o tratamento; 
  A espessura dos músculos de crianças com MCP unilateral e bilateral, antes 
e após o tratamento, foi semelhante à de crianças sem MCP; 
 Diferenças na atividade EMG, entre crianças, ocorreram independentes da 
presença de MCP ou desvio mandibular; 
 A espessura muscular e a atividade EMG de crianças com MCP unilateral 
diminuíram após o tratamento, porém essas características não se modificaram em 
crianças com MCP bilateral;  
 As alterações esqueléticas sagitais e verticais após a ERM foram 
semelhantes com o uso dos dois tipos de disjuntores. 
 
64 
 
REFERÊNCIAS† 
 
1. Angell EH. Treatment of irregularity of the permanent or adult teeth. Dental 
Cosmos. 1860; 1: 540-4. 
 
2. Alarcón JA, Martı´n C, Palma JC. Effect of unilateral posterior crossbite on 
the electromyographic activity of the human masticatory muscles. Am J 
Orthod Dentofacial Orthop. 2000; 118: 328-34.  
 
3. Andrade AS, Gavião MB, Derossi M, Gameiro GH. Electromyographic activity 
and thickness of masticatory muscles in children with unilateral posterior 
crossbite. Clin Anat. 2009; 22: 200-6. 
 
4. Asanza S, Cisneros GJ, Nieberg LG. Comparison of Hyrax and bonded 
expansion appliances. Angle Orthod. 1997; 67: 15-22. 
 
5. Arat FE, Arat ZM, Acar M, Beyazova M, Tompson B. Muscular and condylar 
response to rapid maxillary expansion. Part 1: Electromyographic study of 
anterior temporal and superficial masseter muscles. Am J Orthod Dentofacial 
Orthop 2008; 133: 815-22.  
 
6. Bakke M, Tuxen A, Vilmann P, Jensen BR, Vilman A, Toft M. Ultrasound 
image of human masseter muscle related to bite force, eletromyography, 
facial morphology and occlusal factors. Scand J Dent Res. 1992; 100: 164-
171. 
 
7. Ballanti F; Lione R; Fanucci E; Franchi L; Baccetti T; Cozza P. Immediate and 
post-retention effects of rapid maxillary expansion investigated by computed 
tomography in growing patients. Angle Orthod. 2009; 79: 24-9.  
 
8. Belser UC, Hannam AG. The contribution of the deep fibers of the masseter 
muscle to selected tooth-clenching and chewing tasks. J Prosthet Dent. 1986; 
56: 629-35. 
 
9. Biederman W. A hygienic appliance for rapid expansion. J Pract Orthod. 
1968; 2: 67-70. 
 
10. Botelho AL, Melchior Mde O, da Silva AM, da Silva MA. Electromyographic 
evaluation of neuromuscular coordination of subject after orthodontic 
intervention. Cranio. 2009; 27: 152-8. 
                                               
† De acordo com a norma da UNICAMP/FOP, baseada no modelo Vancouver. Abreviatura dos 
periódicos em conformidade com o Medline. 
65 
 
 
11. Castelo PM, Gavião MB, Pereira LJ, Bonjardim LR. Masticatory muscle 
thickness, bite force, and occlusal contacts in young children with unilateral 
posterior crossbite. Eur J Orthod. 2007; 29:149-56. 
 
12. Chung CH, Font B. skeletal and dental changes in the sagital, vertical, and 
transverse dimensions after rapid palatal expansion. Am J Orthod Dentofacial 
Orthop. 2004,126: 569-75.  
 
13. Dawson PE. Conceito de Odontologia Integral. In: Dawson PE, editor. 
Avaliação, diagnóstico e tratamento dos problemas oclusais. 2ª ed. São 
Paulo: Artes Médicas;1993. p.1-14.  
 
14. De Felippe NL, Bhushan N, Da Silveira AC, Viana G, Smith B. Long-term 
effects of orthodontic therapy on the maxillary dental arch and nasal cavity. 
Am J Orthod Dentofacial Orthop. 2009; 136: 490.e1-8. 
 
15. De Rossi M, Gavião MBD. Posterior crossbite: Diagnostic and early 
treatment. STOMA. 2008; 87: 18-31. 
 
16. De Rossi M, Rocha RSS, Gavião MBD. Effects of bonded rapid maxillary 
expansion appliance (BRMEA) in vertical and sagittal dimensions: a 
systematic review. Braz J Oral Sci. 2008; 7: 1571-4. 
 
17. De Rossi M, De Rossi A; Hallak JEC, Vitti M, Regalo SCR. 
Electromyographic evaluation in children having rapid maxillary expansion. 
Am J Orthod Dentofacial Orthop. 2009; 136: 355-60.  
 
18. Emshoff R, Emshoff I, Rudisch A, Bertram S. Reliability and temporal 
variation of masseter muscle thickness measurements utilizing 
ultrasonography. J Oral Rehabil. 2003; 30: 1168-72. 
 
19. Faltin Júnior K, Faltin RM, Faltin CO. Ortopedia facial e ortodontia preventiva 
na saúde bucal. In: Kriger L, editor. ABOPREV: Promoção de saúde bucal. 3ª 
ed. São Paulo: Artes Médicas; 2003. p. 327-40. 
 
20. Ferrario VF, Sforza C, Serrao G. The influence of crossbite on the 
coordinated electromyographic activity of human masticatory muscles during 
mastication. J Oral Rehabil.1999; 26: 575-81. 
 
21. Gautam P, Valiathan A, Adhikari R. Stress and displacement patterns in the 
craniofacial skeleton with rapid maxillary expansion: a finite element method 
study. Am J Orthod Dentofacial Orthop. 2007; 132: 5.e1-11. 
 
66 
 
22. Gavião MBD, Raymundo VGR, Sobrinho LC. Masticatory efficiency in 
children with primary dentition. Ped Dent. 2001; 26: 499-505.  
 
23. Gurel HG, Memili B, Erkan M, Sukurica Y. Long-term effects of rapid maxillary 
expansion followed by fixed appliances. Angle Orthod. 2010; 80: 5-9. 
 
24. Haas AJ. Rapid expansion of the maxillary dental arch and nasal cavity by 
opening the midpalatal suture. Angle Ortho. 1961; 31:73-9. 
 
25. Haralabakis V, Loutfy S. An electromyographic analysis of a series of fifty 
treated posterior crossbites. Rep Congr Eur Orthod Soc. 1964; 40: 206–20. 
 
26. Hugger A, Hugger S, Schindler HJ. Surface electromyography of the 
masticatory muscles for application in dental practice. Current evidence and 
future developments. Int J Comput Dent. 2008; 11: 81-106. 
 
27. Ingervall B, Thilander B. Activity of temporal and masseter muscles in 
children with a lateral forced bite. Angle Orthod. 1975; 45: 249-258. 
 
28. Kecik D, Kocadereli I, Saatci I. Evaluation of the treatment changes of 
functional posterior crossbite in the mixed dentition. Am J Orthod Dentofacial 
Orthop. 2007;131: 202-15. 
 
29. Keski-Nisula K, Lehto R, Lusa V, Keski-Nisula L, Varrela J. Occurrence of 
malocclusion and need of orthodontic treatment in early mixed dentition. Am J 
Orthod Dentofacial Orthop. 2003;124: 631-8.  
 
30. Kiliaridis S, Engstro¨m C, Thilander B. Histochemical analysis of masticatory 
muscle in the growing rat after prolonged alteration in the consistency of the 
diet. Arch Oral Biol. 1988; 33:187-93.  
 
31. Kiliaridis S, Georgiakaki I, Katsaros C. Masseter muscle thickness and 
maxillary dental arch width. Eur J Orthod. 2003; 25: 259-63. 
 
32. Kiliaridis S, Mahboubi PH, Raadsher MC, Katsanos C. Ultrasonographic 
thickness of the masseter muscle in growing individuals with unilateral 
crossbite. Angle Orthod. 2007;77:607-11. 
 
33. Kiliç N, Kiki A, Oktay H. A comparison of dentoalveolar inclination treated by 
two palatal expanders. Eur J Orthod. 2008; 30: 67-72. 
 
34. Kurol J, Berglund L. Longitudinal study and cost-benefit analysis of the effect 
of early treatment of posterior crossbite in the primary dentition. Eur J Orthod. 
1992; 14: 173-9. 
 
67 
 
35. Kutin G, Hawes RR. Posterior crossbite in deciduous and mixed dentitions. 
Am J Orthod. 1969; 56: 491-504.  
 
36. Magnusson TE. An epidemiologic study of dental space anomalies in 
Icelandic schoolchildren. Community Dent Oral Epidemiol. 1997; 6: 292-300. 
 
37. Marini I, Bonetti GA, Achilli V, Salemi G. A photogrammetric technique for the 
analysis of palatal three-dimensional changes during rapid maxillary 
expansion. Eur J Orthod. 2007; 29: 26-30.  
 
38. Mc Namara Jr, JA, Brudon WL. Bonded rapid maxillary expansion appliance. 
In: Orthodontic and orthopedic treatment in the mixed dentition. 5th Ed.  Ann 
Arbor: Needham Press; 1995. p. 145-69. 
 
39. Mazzone N, Matteini C, Incisivo V, Evaristo B. Temporomandibular joint 
disorders and maxillomandibular malformations: role of condylar "repositionin" 
plate. J Craniofac Surg. 2009; 20: 909-15.  
 
40. O'Byrn BL, Sadowsky C, Schneider B, BeGole EA. An evaluation of 
mandibular asymmetry in adults with unilateral posterior crossbite. Am J 
Orthod Dentofacial Orthop. 1995; 107: 394-400. 
 
41. Olmez H, Akin E, Karaçay S. Multitomographic evaluation of the dental 
effects of two different rapid palatal expansion appliances. Eur J Orthod. 
2007; 29: 379-85.  
 
42. Pepicelli A, Woods M, Briggs C. The mandibular muscles and their 
importance in orthodontics: a contemporary review. Am J Orthod Dentofacial 
Orthop. 2005; 128: 774-80. 
 
43. Pinto A, Buschang P, Throckmorton G, Chen P. Morphological and positional 
asymmetries of young children with functional unilateral posterior crossbite. 
Am J Orthod Dentofacial Orthop. 2001; 120: 513-20. 
 
44. Pirttiniemi P, Kantomaa T, Lahtela P. Relationship between craniofacial and 
condyle path asymmetry in unilateral cross-bite patients. Eur J Orthod. 1990; 
12: 408-13.  
 
45. Prabhu NT, Munshi AK. Measurement of masseter muscle thickness using 
ultrasonographic technique. J Clin Ped Dent. 1994; 19: 41-44. 
 
46. Raadsheer MC, Kiliards S, Van Eijden TMGJ, Van Eijden FC, Prahl Andersen 
B. Masseter muscle thickness in growing individuals and its relation to facial 
morphology. Archs Oral Biol. 1996; 41: 323-32. 
 
68 
 
47. Raadsheer MC, Van Eijden TMGJ, Van Eijden FC, Prahl Andersen B. Human 
jaw muscle strenght and size in relation to limb muscle strenght and size. Eur 
J Oral Sci 2004; 112: 398-405.  
 
48. Sarver DM, Johnston MW. Skeletal changes in vertical and anterior 
displacement of the maxilla with bonded rapid palatal expansion appliances. 
Am J Orthod Dentofacial Orthop. 1989; 95: 462-6. 
 
49. Serra MD; Gavião MB; Santos MN. The use of ultrasound in the investigation 
of the muscles of mastication. Ultrasound in Medicine & Biology. 2008; 34: 
1875-84.  
 
50. Silva Filho OG, Montes LA, Torelly LF. Rapid maxillary expansion in the 
deciduous and mixed dentition evaluated through posteroanterior 
cephalometric analysis. Am J Orthod Dentofacial Orthop. 1995; 107: 268-75. 
 
51. Silva Filho OG, Villas Boas MC, Capelozza Filho L. Rapid maxillary 
expansion in the primary and mixed dentitions: a cephalometric evaluation. 
Am J Orthod Dentofacial Orthop. 1991; 100: 171-9.  
 
52. Simões W. Visão do crescimento mandibular e maxilar. J Bras Ortodon Ortop 
Facial. 1998; 3: 9-18.  
 
53. Tausche E, Luck O, Harzer W. Prevalence of malocclusions in the early 
mixed dentition and orthodontic treatment need. Eur J Orthod. 2004; 26:237-
44. 
 
54. Troelstrup B, Møller E. Electromyography of the temporalis and masseter 
muscles in children with unilateral cross-bite. Scand J Dent Res. 1970;78: 
425-30.  
 
55. Van der Bilt A, Weijnen FG, Ottenhoff FA, Van der Glas HW, Bosman F. The 
role of sensory information in the control of rhythmic open-close movements 
in humans. J Dent Res. 1995; 74: 1658-64. 
 
56. Vanderas AP, Papagiannoulis L. Multifactorial analysis of the aetiology of 
craniomandibular dysfunction in children. Int J Paediatr Dent. 2002; 12: 336-
46. 
69 
 
APÊNDICE 1- Ilustrações metodológicas (continua) 
 
 
 
 
 
 
Figura 1: Mordida cruzada posterior 
unilateral  
 
 
 
 
Figura 4: Palato profundo e atresia 
maxilar 
 
 
 
 
Figura 2: Mordida cruzada posterior 
bilateral  
 
 
 
 
 
Figura 5: Palato normal 
 
Figura 3: Oclusão normal  
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Figura 7: Eletromiógrafo EMG 
System do Brasil Ltda 
 
 
Figura 6: Equipamento de  
ultrassom digital Just Vision 
200, da Toshiba 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 8: Posição do transdutor no 
músculo temporal anterior                                                                          
 
Figura 9: Posição do transdutor no 
músculo masseter 
 
 
 
 
 
                            A 
 
 
                                                                                                         B 
 
Figura 10: Eletrodo ativo 
diferencial  
Figura 11: Posição do eletrodo 
nos músculos (A) temporal 
anterior e (B) masseter  
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Figura 12- Visualização de um exame eletromiográfico na condição clínica de 
repouso 
 
Figura 13- Visualização de um exame eletromiográfico na condição clínica de 
apertamento dental  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 14- Visualização de um exame eletromiográfico na condição clínica de 
mastigação habitual 
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Figura 15: Imagem ultrassonográfica do músculo masseter em repouso (A) e durante o apertamento dental (B); 
superfície do transdutor (1), ramo da mandíbula (2), espessura muscular (3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 16: Imagem ultrassonográfica do músculo temporal em repouso (A) e durante o apertamento dental (B); 
superfície do transdutor (1), osso temporal (2), espessura muscular (3) 
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ANEXO 1 Resolução CCPG/002/06 a qual dispõe a respeito do formato das 
dissertações de mestrado e teses doutorado aprovados pela UNICAMP (continua)
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